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Electronic Engineering September, 1950 


mulh-unit cables 


made fo suit your 


requirements 


Here’s a unique opportunity for radio-equipment 
manufacturers needing special multi-unit low-loss cables... ! 
Let BICC design and manufacture them to meet your require- 
ments. Our engineers have had extensive experience in this 
field and can also place at your disposal the vast research and 
production facilities of the BICC organisation. 


BICC have designed and produced numerous multi-unit 
cables to meet specialised needs including flexible cables for 
electronic equipment. Some of these are shown below. 


Write to us and let us assist you with your problems. 


Multicore polythene- Double-quad Multicore polythene- Polythene-insulated 

insulated and polythene-insulated insulated P.V.C. P.V.C. sheathed multi- 

sheathed T/V Camera audio- frequency sheathed flexible T/V core cable for film 
Cable. cable. Camera Cable. studio use. 


hick LOW-LOSS CABLES 


BRITISH INSULATED CALLENDER’S CABLES LIimMiteéeD 
NORFOLK HOUSE, NORFOUK STREET, LONDON, . W.C.2 
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CLASSIFIED ANNOUNCEMENTS 


The charge for these advertisements at the LINE RATE (if under |” or 12 lines) is : 
(The line averages seven words.) Box number 2/- 
free of charge. At the INCH RATE (if over I” 





Financial Reports £14 0s. 0d. per 


Are 


. 
mitt: must Pp 


Three lines or under 7/6, each additional line 2/6. 
extra, except in the case of advertisements in ‘‘Situations Wanted,” when it is added 
or 12 lines) the charge is 30/- per inch, single column. 


Prospectuses and Company’s 


the advertisement. Repli 
to: Morgan Bros. (Publishers), Ltd., 28, Essex Street, Strand, London, W.C.2, and mosned “Electr als ecimacine™” Cdsuctiocereme: 


Electronic Engineering.” Advertisements 


must be received before the I4th of the month for insertion in the following issue. 





OFFICIAL APPOINTMENTS 


BBC INVITES applications for three posts in 
Research Department in the Audio Frequency, 
Recording and Acoustics Sections respectively, at 
present at Balham, London, later to be transferred 
to Kingswood, Surrey. Salaries in grade with 
annual increments £40 and max. £890 per annum. 
Applicants must possess a_ University Degree in 
Electrical Engineering or Physics, or equivalent 
qualification, and knowledge of Music advan- 
tageous. Audio Frequency Sections : Experience 
in electrical measurements is essential and know- 
ledge of acoustic measurements highly desirable. 
The work includes research into microphones and 
loudspeakers, and embraces all other aspects of 
audio frequency research and development. 
Preference given to applicants with ability to 
guide development work in drawing office and 
workshops. Acoustics Section: Sound knowledge 
of Physics and Electronics is essential and appli- 
cants should have had experience in acoustics or 
an allied field. Duties consist of research on 
acoustic design of studios and involve investigation 
of acoustic properties of materials and structures. 
Recording Section: Duties will include research 
and development work on all aspects of sound 
recording. Familiarity with low frequency 
electronic technique and design of light electrical 
mechanical equipment, and ability to organise 
development work in drawing office and workshops 
is desirable. Applications, stating age, qualifica- 
tions, details of past and present employment and 
stating for which post application is made, should 
reach the Engineering Establishment Officer, 
Broadcasting House, London, W.1, within seven 
days of the appearance of this advertisement. 

W 2460 


MINISTRY OF SUPPLY invites applications 
from Physicists and Electronic Engineers for 
unestablished appointments in the Experimental 
Officer Class at Research and Development 
Establishments in and near London. Minimum 
qualification, Higher School Certificate ; applica- 
tions also invited from candidates holding Higher 
National Certificate in Light Electrical Engineer- 
ing, including electronics or higher qualifications. 
Experience in the following fields is desirable : 
electronic measurements in connexion with field 
trials; radio and electronic circuitry ; high-speed 
electrical transients; electronic development ; 
general experimental research requiring some 
mathematical facility. Salary according to age, 
qualifications, experience, etc., within ranges: 
Experimental Officer (minimum age, 28)— 
£525-£675 (London), £495-£645 (Provincial) ; 
Assistant Experimental Officer—{230-£490 (Lon- 
don), £220-£460 (Provincial). Rates for women 
somewhat lower. Application forms obtainable 
from Ministry of Labour and National Service, 
Technical and Scientific Register (K), York House, 
Kingsway, W.C.2, quoting Az214/50A. Closing 
date,. 14th September, 1950. W 2449 


MINISTRY OF SUPPLY invites applications 
from Electronic Engineers and Physicists for 
unestablished appointments in the Experimental 
Officer Class at Research and Development 
Establishments in the South Midlands. Candidates 
should possess at least Higher School Certificate 
or equivalent qualification, but special considera- 
tion would be given to applicants who have such 
additional qualifications as a full apprenticeship 
in Light Electrical Engineering or Electronics, or a 
Degree in Physics or Electrical Engineering. 
Experience of radar and radio gained in the 
Services or in industry, of electronic techniques, 
particularly in the U.H.F. range, or of valve 
development, would also be an advantage. Salary 
according to age, qualifications and experience, 
within ranges: Experimental Officer (minimum 
age, 28). £495-£645; Assistant Experimental 
Officer, £220-£460. Rates for women somewhat 
lower. Application forms obtainable from 
Technical and Scientific Register (K), York House, 
Kingsway, London, W.C.2, quoting D.253/50A. 
Closing date, 16th September, 1950. W 2478 


A 


MINISTRY OF SUPPLY invites applications 
from Physicists and Electronic Engineers for the 
following unestablished appointments in the grade 
of Principal Scientific Officer: (1) at London 
Headquarters ; (2 and 3) at the Royal Aircraft 
Establishment, Farnborough, Hants. 1. Physicist 
or Electrical Engineer for co-ordination, guidance 
and control of research and development in one of 
the following fields :—(a) Radio Components— 
development of new components for new radio 
equipments and assessment of fundamental 
requirements to meet the equipment needs; 
(b) Radio Navigation and Radar—development 
and research to meet operational requirements for 
radio and radar navigation devices, aircraft 
approach and landing aids, ete. (c) Radio 
Communications—development and research to 
meet operational requirements for communication 
systems (airborne and associated ground equip- 
ment), special test equipment, etc.. 2. Physicist 
for work on radar display, digital and analogue 
computers, and radio and line communications 
equipment. 3. Physicist for research and develop- 
ment in connexion with electronic valves and 
cathode-ray tubes. Candidates should be at least 
31, and possess a good Honours Degree in Physics 
or Electrical Engineering, with considerable 
experience, including research in the appropriate 
field of work. Salary assessed on age, qualifications 
and experience, within ranges {950-£1,250 
(London), {910-£1,177 (Farnborough). Rates for 
women somewhat lower. Posts carry F.S.S.U. 
benefits. Application forms obtainable from 
Ministry of Labour and National Service, Technical 
and Scientific Register (K), York House, Kingsway, 
London, W.C.2, quoting Az215/50A. Closing 
date, 14th September, 1950. W 2448 


WANTED for employment in various parts of the 
United Kingdom, personnel experienced in the 
maintenance and repair of Radar and Electrical 
Fire Control Equipment. Salary scale, £380 per 
annum, rising to £495. Good opportunities for 
advancement. Applicants should furnish full 
details of age, practical experience, technical 
qualifications held and in which part of the U.K. 
they would like to be employed. Replies should be 
addressed to. DDME, H.Q. A.A. Command, 
Stanmore, Middlesex. W 2475 


MINISTRY OF SUPPLY invites applications 
from Physicists for unestablished appointments 
in Scientific Officer Class at Research and Develop- 
ment Establishments near London. Candidates 
should have a First- or Second-Class Honours 
Degree in Physics and good general electronic 
knowledge and experience. For one post familiarity 
with V.H.F. circuit techniques and modern valve 
design would be an advantage. Candidates for 
Senior posts must be at least 26 years of age and 
have had a minimum of three years’ Post-Graduate 
research experience. Salary according to age, 
qualifications and experience, within ranges: 
Senior Scientific Officer, £670-£860; Scientific 
Officer, £380-£620. Posts carry F.S.S.U. benefits. 
Rates for women somewhat lower. Application 
forms obtainable from Ministry of Labour and 
National Service, Technical and Scientific Register 
(K), York House, Kingsway, W.C.2, quoting 
A.234/50. Closing date, 30th September, 1950. 
W 2477 





SITUATIONS VACANT 


THE BRITISH THOMSON-HOUSTON 
Co. Ltd., has a few vacancies on the design staff for 
Electronic Engineers experienced in development 
work on audio-frequency, radio-frequency, or radar 
display a Age 25-30. Qualifications : 
Honours degree or equivalent in engineering with 
subsequent experience in circuit development work, 
Salary according to qualifications, age, and 
experience. Apply, giving full particulars to: 
Manager, Electronic Engineering Department, 
The British Thomson-Houston Co. Ltd., Rugby. 
W 2420 


ENGLISH ELECTRIC VALVE Co. Ltd, 
Chelmsford, require two Junior Engineers for 
micro-wave work. Previous experience not 
necessary, but applicants must hold physics or 
engineering Degree or exempting qualifications 
frem Graduate I.E.E. Also Senior Engineer for 
work on Klystron and Travelling Wave Tubes. 
Qualifications : Engineering or Physics Degree or 
exempting qualifications from A.M.I.E.E. and 
several years experience. Write, giving full 
particulars quoting reference 440A to Central 
Personnel Services, English Electric Co. Ltd., 24-30, 
Gillingham Street, London, S.W.x1. W 2423 


VICKERS ARMSTRONGS LTD., Weybridge, 
invite applications for the post of Electronics 
Engineer to take part in electronic side of special 
projects. Write, stating experience and qualifica- 
tions, to: Employment Manager, Weybridge 
Works. W 2379 


VICKERS ARMSTRONGS LTD., Weybridge, 
invite applications for the post of Project Engineer 
to be in charge of certain special projects. Qualifica 
tions required for this post include experience of 
control methods and knowledge ofelectronics and in- 
struments. Write, stating experience and qualifica- . 
tions to: Employment Manager, Weybridge 
Works. W 2380 


FERRANTI LTD. invite applications from 
suitably qualified men to fill vacancies in a scientific 
team working on the development of electronic 
digital computors. Ref. D.C.E. Electronic 
Scientists, graduates in physics or electrical 
engineering, ge = with some experience of 
pulse circuitry. Ref. D.C.M. Mathematicians, 
hons. graduates interested in numerical analysis 
applied to the operation of high-speed digital 
computors. Ref. D.C.T. Technical Assistants, 
with a minimum qualification of H.N.C. and some 
electronic experience. Liberal salaries, based on 
Civil Service Scale. Successful candidates will 
participate in the benefit of a Staff Pension Scheme. 
Application forms from the Staff Manager, Ferranti 
Ltd., Hollinwood. Please quote appropriate 


reference. NV 2418 


ELECTRONIC ENGINEERS are required by a 
large aircraft company for experimental work on a 
new and interesting project. Applicants, who 
should preferably be under 35 years of age, must 
have received technical education up to a Degree 
standard and should be experienced either in UHF 
design and measuring techniques or in instrumenta- 
tion work. Apply. stating age, experience and 
salary required to Box No. W 2388. 


A NUMBER of Senior and Junior vacancies for 
Radio, Radar, Electronic, Television, etc., Develop- 
ment, Service Engineers, Draughtsmen, Wiremen, 
Testers, Inspectors, etc. Urgently required, 30 
Television Service Engineers. Write in confidence: 
Technical Employment Agency, 179, Clapham 
Road, London, S.W.9. (BRIxton 3487). 2277 


RESEARCH and Development Engineers for 
work on Electronic Switching, Computing and 
Control Apparatus are required by British Tele- 
communications Research, Ltd., a Company 
associated with the Automatic Telephone and 
Electric Co. and the British Insulated Callender’s 
Cables Co. Applicants should preferably have had 
experience of one or more of the above. A good 
University Degree in Engineering or Physics would 
be an advantage. Starting salary according to 
qualifications and experience, will be in the range 
of {£400-£1,100 per annum. Excellent oppor- 
tunities exist for advancement to more senior 
positions. Application should be made to the 
Director of Research, British Telecommunications 
Research, Ltd., Taplow Court, Taplow, Bucks. 

‘ W 2468 


E. K. COLE, LTD., have vacancies for Testers at 
their Electronics Division. Experience in the 
testing of radar communications or electronic 
equipments to Ministry specifications essential. 
Full details, in writing, to the Personnel Manager, 
Malmesbury, Wilts. W 2463 





CLASSIFIED ANNOUNCEMENTS (Cont'd ) 





SCIENTIFIC GLASSBLOWER for Vacuum 
Physics Laboratories, experienced in high vacuum 
work, and knowledge of glass and metal seals an 
advantage but not essential. Interesting work in 
ideal conditions and surroundings. Permanent 
staff position. Apply, stating salary expected and 
giving full details of training, qualifications and 
experience, to Personnel Officer, Ferranti, Ltd., 
Ferry Road, Edinburgh. W 2461 


WAYNE KERR have vacancies in_ their 
Laboratories for a Senior Development Engineer 
and a Development Engineer to undertake design 
and development work covering a wide field of 
electronic applications and measurements. 
Applicants should apply in writing to the Chief 
Development Engineer, Wayne Kerr Laboratories 
Ltd., Sycamore Grove, New Malden, Surrey. 

W 2465 


DESIGN DRAUGHTSMEN are required by 
Wayne Kerr for work covering.a wide range of 
electronic applications, measurements and radio 
communications. Applicants should have had 
several years of experience in this class of engineer- 
ing. Write, giving full details of qualifications and 
experience, to the Senior Project Engineer, Wayne 
Kerr Laboratories, Ltd., Sycamore Grove, New 
Malden, Surrey. W 2466 


TELECOMMUNICATIONS- Research and 
Development Engineers for work on line com- 
munication systems are required by British 
Telecommunications Research, Ltd., a Company 
associated with the Automatic Telephone and 
Electric Co. and the British Insulated Callender’s 
Cables Co. Applicants should preferably have had 
experience of line communications and have a good 
all-round knowledge of the anlaysis and design of 
transmission networks. A good University Degree 
in Engineering or Physics would be an advantage. 
Starting salary, according to qualifications and 
experience, will be in the range of £400 — {£1,100 
per annum. Excellent opportunities exist for 
advancement to more senior positions. Application 
should be made to the Director of Research, British 


Telecommunications Research, Ltd., Taplow 
Court, Taplow, Bucks. W 2467 
PHYSICISTS, with University Degrees, 


preferably age 21-28, are required for work in 
connexion with (a) crystal valves; (b) wave 
guides ; (c) microwave circuits; (d) high 
frequency heating. Applications, giving details 
of age, experience, and qualifications, should be 
sent to the Personnel Officer (Ref. GBLC), 
Research Laboratories, of The General Electric 
Co., Ltd., North Wembley, Middx. W 2462 


ELECTRONIC DESIGNERS. Several vacancies 
exist for mature designers to cope with problems 
connected with electronic and servo-mechanism 
developments of an advanced nature which are the 
subject of long-term Government contracts placed 
with a large Engineering concern. Candidates 
must have a good Degree and must be able to prove 
their ability. Location is in London. The posts 
are pensionable. State full details, including age 
and salary required, to Box No. W 2450. 


PHILIPS MITCHAM Works require skilled 
Estimators. Must be conversant with light 
electrical and mechanical apparatus. Good salary 
and prospects to the right applicants. Apply, 
preferably in writing in the first instance, to the 
Personnel Officer, {titcham Works, Ltd., New 
Road, Mitcham Junction, Surrey, quoting Ref. B.1. 

W 2451 


DEVELOPMENT DEPARTMENT of Instru- 
ment Making Firm in London area requires 
Graduate in Physics or Engineering with good 
communications experience, particularly in 
Acoustics and Electronics, including the design 
of amplifiers for outputs up to 2kW. Write, 
Stating age, experience and salary required, to 
Box No. W 2452. 


A. V. ROE & CO., LTD., have a limited number. 
of vacancies for Instrument Mechanics with 
initiative who are required for a wide range of 
instrument investigation, repair, adjustment, 
installation and calibration work at Woodford 
Aerodrome, Cheshire. First-class men who have 
had this experience, especially with aircraft 
instrument practice and some technical back- 
ground, should apply to the Labour Superintendent, 
A. V. Roe & Co., Ltd., Greengate, Middleton, 
Manchester. 


W 2476 
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DRAUGHTSMAN required in the Development 
Laboratory of a large Radio Manufacturer in East 
London area. Applicants should have practical 
background and some years’ drawing office 
experience. A knowledge of Wafer Switches would 
be an advantage. Kindly state full details, 
including age and salary required, to Box No. 
W 2453. 


VICKERS-ARMSTRONGS, LTD., Weybridge, 
invite applications for the post of Electronic 
Engineer, to take part in electronic side of special 


projects. Write, stating experience and qualifica- 
tions, to Employment Manager, Weybridge 
Works. WwW 2457 


VICKERS-ARMSTRONGS, LTD., Weybridge, 
invite applications for the post of Project Engineer 
to be in charge of certain special projects. Qualifi- 
cations required for the post include experience of 
control methods and knowledge of electronics and 
instruments. Write, stating experience and 
qualifications, to Employment Manager, Weybridge 
Works. W 2458 


LONDON COUNTY COUNCIL. South-East 
London Technical College. Applications are 
invited for the post of Lecturer in Radio Com- 
munication, to commence duties in September, 
1950. Applicants should have a University Degree 
or the equivalent and. have had industrial experi- 
ence. Salary in accordance with the London 
Burnham Technical Scale, which would be in the 
range of from £236—/15—{603 a year, plus 
Graduate and training allowance where applicable. 
To a suitably qualified candidate an addition to the 
scale of up to £150 mav be paid. Initial increments 
will be paid for suitable previous teaching and/or 
industrial experience. Application forms may be 
obtained by forwarding a stamped addressed 
foolscap envelope to the Secretary, South-Fast 
London Technical College, Lewisham Way, S.E.4, 
and should be returned not later than fourteen 
days after the appearance of this notice. (1047.) 

W 2469 


MARCONI’S WIRELESS TELEGRAPH Co. 
Ltd., require staff for their modern development 
laboratories at Chelmsford, Essex, to undertake 
important development work on interesting radar 
projects. Qualified electrical engineers and 
physicists with experience of radar are required at 
various le els. There is also scope for voung men 
without experience, including those who possess 
the highest academic attainments. Where 
necessary. a period of training will be given at the 
Marconi College. Please send full details indicating 
present salary level, quoting Ref. 474, to Central 
Personrel Services, Frglish Electric Co., Ltd., 
24-30, Gillinghem Street, London, S.W.r. 

W 2456 


GRADUATE ENGINEERS reauired for high- 


freauercy cable testing. /pply, giving age, 
evperience and salary required, to Ref. 423, 
Siemens Brothers & Co., Limited, Woolwich, 
S.E.18. W 2455 
REQUIRED, JUNIOR ASSISTANT. for 
interesting work in Research Laboratory. Practical 


aptitude and matriculation or equivalent standard 
in Physics and Chemistry essential. Write, stating 
age, experience and salary required, Box No. 
W 2459. 

SUPERINTENDENT required to assume overall 
responsibility for the running of a laboratory and 
design organisation engaged in electronic and 
mechanical development work of an advanced 
nature. Candidates for this important post must 
possess a good technical Degree, ten years’ 
industrial design and development experience, a 
flair for management, and must be aged 35 or 
over. A pension scheme is in operation and the 
work is of a long-term nature. Those possessing 
the required qualifications are invited to write, 
giving full particulars, which will be treated in 
strict confidence, and examined only by the 
Directors. Box No. W 2471. 


CENTRAL MIDDLESEX Hospital, Park Royal, 
N.W.10, Technician/Recordist, Electroencephalo- 
graphic Department. Applicants should be 22 
years of age with Matriculation or equivalent 
examination, and possess some technical training 
in electronics and experience in servicing amplifiers. 
Previous electroencephalographic experience an 
asset but not essential. Salary on scales £370 by 
£15 to £435 or £450 by £20 to £530 (plus London 


Weighting), according to experience. Applications 
to Medical Director. Closing date, two weeks 
after appearance of advertisement. W 2472 
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BIRMINGHAM ELECTRICAL MANUFAC- 
TURER would like to meet up with a progressive 
Electronic Engineer, who could introduce new 
ideas for Electronic appliances, for the purpose of 
being manufactured. An amount of capital would 
be required and a position of Director and 
Organiser of the Electronic side of the business to 
be offered in exchange. Box No. W 1168. 


ELECTRICAL ENGINEER required for 
technical duties in Australia with a firm of 
Capacitor Manufacturers. General experience in 
the manufacture of capacitors or research on 
dielectrics is desirable, good prospects for suitable 
applicant. Reply, giving all pertinent information, 
to Box No. W 2474. 


DRAUGHTSMEN with electronic experience 
required for Senior position in the electronic 
drawing office of large manufacturer of radio 
communication and other allied equipment. 
Applicants should have several years’ drawing 
office experience on similar equipment and a 
practical background. Please state full details, 
including age and salary required, to Box No. 
W 2470. 


THE PLESSEY COMPANY have vacancies in 
their development division, Ilford, for Senior and 
Junior Electronic Engineers with experience in 
servo-mechanisms design. Candidates should be 
British-born subjects and should possess a good 
Honours Degree in Physics or Electrical Engineer- 
ing. Write, with full details of age, experience and 
salary required, to the Plessey Co., Ltd.,Vicarage 
Lane, Ilford. W 2473 


ELECTRONIC TEST ENGINEER required, 
primarily for tests and experimental work on 
development projects and _ special products. 
Salary, £350-£500 per annum, according to ability 
and experience. Appiy, in writing, to All-Power 
Transformers, Ltd. (Instrument Department), 


Chertsey Road, Byfleet, Surrey. 2471 
DRAUGHTSMAN, to take charge of small 
office near Northampton, under direction of 


Chief Draughtsman at Head Office. Must have 
had experience in small mechanisms and electronic 
work. Living accommodation available for single 
man. Full details of experience, salary required, 
etc., to Box No. W 2479. 


COILWINDING PLANNING Engineer required 
by the Plessey Company, Limited. Applicants 
should have experience of coilwinding planning for 
radio industry or light electrical engineering, 
Applicant possessing that experience with practical 
background and adequate technical knowledge 
will be offered permanent position with excellent 
opportunities of promotion. Please state full 
details to Personnel Manager, The Plessey Co., 
Ltd., Ilford, Essex. W 2480 





SITUATIONS WANTED 


RADIO ENGINEER seeks position, Central or 
Southern England. Aged 30. Assoc. Brit. I.R.E. 
Ten years’ experience radar and communications. 
Box No. W 1169. 


YOUNG SWISS, radio tech., specialised in mass 
determining instruments, seeks post in industry 
for Autumn, 1950 or Spring, 1951. Has interest 
in television. Box No. W 1166. 





FOR SALE 


I.P.R.E. Technical Publications. 5,000 alignment 
peaks for superheterodynes, 4s. 9d. post free; 
“The Practical Radio Engineer,’’ quarterly 
—— of the Institute, sample copy, 2s. post 
ree ; membership and examination data, 1s. post 
free. Secretary, 
London, N.8, 


1.P.R.E., 20, Fairfield Road, 


2320 


TELEVISION. The trade is invited to contact us 
for P.M. focus rings, televisor R.F. and deflector 
coils, Low C line transformers, and new irén- 
cored inductances of high upper frequency limit 
and remarkably low ECH loss. Value for money 
assured, quality precludes low prices. Bel Sound 
Products Co., 10, Marlborough Yard, Marlborough 
Road, Upper Holloway, London, N.19. W 110 





CLASSIFIED ANNOUNCEMENTS 
continued on Page 4 
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EKCO 





RATEMETER 





IO37A 





Developed in conjunction with the Atomic Energy Research 
Establishment, this general purpose Ratemeter has a 
self-contained high voltage supply, suitable for polarising 
Geiger-Muller tubes, etc. It gives a direct and almost 


EKCO..- 


sf Rie ee Ee Ee: 


ore Office: 5, Vigo Street, London, W.|I. 
Phone: Reg. 7030/9. 
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instantaneous reading of the mean repetition rate of incom- 
ing pulses up to a maximum of 100,000 per second. Pulse 
height discrimination and paralysis facilities are provided 
and a suitable external recorder may be used as desired. 
An amplifier for use with G-M tubes is incorporated. 
Please write for the complete catalogue of Ekco equipment 
for the radiochemical laboratory. 


CTRONICS 


ELEC TRQNECS DkeVIS FON 
Export Dept.: 


Ekco Works, Southend-on-Sea, England. 
*Phone: Southend 49491. 


LABORATORIES & WORKS: EKCO WORKS, MALMESBURY, WILTS. ‘Phone: MALMESBURY 2121. 
































The MES4 five-channel recorder is one 
of many types that we make with con- 
tinuous-feed and drum camera. There 
are F.M. pre-amplifiers for capacity pick- 
ups and D.C. pre-amplifiers for strain 
gauges and other purposes. | 


Please write for detailed 
























SOUTHERN INSTRUMENTS LIMITED 


FERNHILL HAWLEY 


CAMBERLEY 


$7/73/1 


CLASSIFIED ANNOUNCEMENTS (Cont’d.) 





TELCOTHENE SLEEVING, cotton braided 
Grade C.1 mm., various colours, 1d. per yard or 
£4 1,200 yard drum ; other sizes available. 3 mm. 
cotton braided P.V.C., 37s. 6d. per 500 yard drum. 

W 1163 


BUSH TELEVISION, 12 in. Console, perfect 
£55 or near. Reason for selling, on p.c. mains. 


Page, 120, Long Drive, East Acton. W 1164 
AMERICAN MAGAZINES. One year post 
free. “ Radio Electronics,” 32s. 3d.; ‘“ Audio 


Engineering,” 28s. 9d.; “ Radio and Television 
News,” 36s. ; “‘ Popular Science,” 28s. 6d. S.A.E. 
for full list from Willen Ltd. (Dept. 9), ror, Fleet 
Street, London, E.C.4. W 221 


AUTOMATIC Voltage Regulators for AC mains. 
Ferranti 7.5 KVA; moving coil; frequency com- 
pensated ; undistorted output waveform. Tapped 
to suit any nominal supply between 200 and 250 V, 
1 ph, 45 to 66 cps. Input voltage may vary from 
88 per cent to 108 per cent of nominal. Output: 
100 per cent + $ cent. Complete with voltmeter, 
spares, handbook. Brand new, in original oiled 
Paper wrappers and export packing cases. Gov’t 
surplus. Offered at a fraction of normal cost. 
Overseas enquiries invited. P. B. Crawshay, 166, 
Pixmore Way, Letchworth, Herts. W 2355 


WEBB'S 1948 Radio Map of World, new multi- 
colour printing with up-to-date call signs and fresh 
information ; on heavy art paper, 4s. 6d., post 6d. 
On linen on rollers, 11s. 6d., post od. W 102 


MERCURY SWITCHES are made by Hall 
le & Co. Ltd., of 58, Commerce Road, 


Wood Green, London, N. 22. Phone BOWes 
Park 7221-2. 107 
COILS. Special inductances tuH to 2H at 


RF wound to order. Bel Sound Products Co., 
Marlborough Yard, Archway, N.19. Archway 
5078. W 112 


The 
dvance 
gual GENERATOR...Df 


‘THIS “ADVANCE” Signal Generator is 
compact in size, light in weight, and can be 
operated either from A.C. Power Supply or low-voltage high-frequency 
supplies. A Colpitts Oscillatory circuit is employed, which may be plate 
modulated by a 1,000-cycle sine wave oscillator, or grid modulated by a 
50/50 square wave. Both types of modulation are internal, and selected 
by a switch. The oscillator section is triple shielded and external stray 
magnetic and electrostatic fields are negligible. Six coils are used to cover 
the range, and they are mounted in a coil turret of special design. 
output from the R.F. oscillator is fed to an inductive slide wire, where 
The slide wire feeds a 75-ohm 5-step 
decade attenuator of new design. The output voltage is taken from the 
end of a 75-ohm matched transmission line. 


it is monitored by an EAs50 diode. 


Light Weight __.... oe . 34 |b. 
ao yd Field. + 
requency Calibration ... sme . £19 ° 
Modulation 30% sine wave |,000~ and 4 Full details are 
pulsed 50/50 square wave at |,000~ given in Leaflet 
Max Attenuation error at 300 Mc/s. ... +2db No S6/L a copy 
Precision Slow-motion Dial. . hich oN 
Wide Range ve saz 10-310 Me/s. of which wil 
Compact ... as A Kean Ve gladly be sent on 
Dual-Power Supply a gh OR request. 
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FOR SALE, Transmitter, {90; excellent 
condition. Lots of amateur equipment, two 
receivers S by 24. R. C. A., Dubord, 39, Market 
Square, Aylesbury. W 1160 


RECORDING WIRE, Stainless Steel, on metal 


spools—3,600 ft., 5s. 6d.; 8,000 ft., r1s.; 36,000 
ft., 40s. 12, Rossendale Avenue, Blackley, 
Manchester, W 1162 


PARMEKO DISC RECORDER, cutting head, 
overhauled by Parmeko, reasonable offer. Mutton, 
Fore Street, Callington, Cornwall. W 1167 


MAGNETIC SOUND Recording Wire, stainless 
steel, temporary wooden spools, approx. 1} hours’ 
running time at 2 ft. per sec., 14s. per spool. 
A. Smart, 40, Grange Road, Halesowen, Worcs. 


W 1170 
SALE, T1154, £5; Rr116A, £6 tos. Working 
order, no power packs; buyers collect. 5, Henty 


Walk, Dover House Road, Roehampton, S.W.15. 
W 1173 





EDUCATIONAL 


CITY AND GUILDS, (Electrical,) etc., on “ No 
Pass—No Fee’ terms. Over 95 per cent successes. 
For full details of modern courses in all branches of 
Electrical Technology, send for our 112-page 
handbook—free and post free. B.I.E.T. (Dept. 
337C), 17, Stratford Place, London, W.r. e 
100 





SERVICE 


ELECTRICAL Measuring Instruments of every 
make repaired and standardised. The Electrical 
Instrument Repair Service, 329, Kilburn Lane, 
London, W.9. Tel.: Lad. 4168. II5r 


TYPE 


The 


PRICE EBO 


COMPONENTS 


BACK RD, SHERNHALL ST, WALTHAMSTOW, LONDON. E.17. 





"Phone : 


September, 1950 


CHARLES AMPLIFIERS LTD., are now able 
to produce amplifiers, radio units, and electronic 
equipment to specification. Enquiries invited for 
development work and for short production runs. 


Charles Amplifiers, Ltd., 40, Kensal Road, W.1o. 
W 2399 
GLASSBLOWING, reer and scientific, b 
Hall Drysdale & Co. Ltd., of 58, Commerce Road, 
Wood Green, London, N.22. Phone BOWes 
Park 7221-2. 109 


A SECOND-TO-NONE rewind service, reliable, 
neat, return of post service; your television 
requirements promptly executed, EHT, LHT and 
heater transformers; stamp for quotations, 
R. E. F., 137A, Ashton Road, Oldham. W 1165 





WANTED 


WANTED: General Radio Standard Signal 
Generator, type 605B. State price and condition. 
Box No. W 2464. 


WANTED : Signal Generator TF144G and Out- 
put Meter TF340, any condition. Leslie Dixon 
& Co., 214, Queenstown Road, Battersea, S.W.8 
: Mac. 2159. W 2454 





TRANSLATIONS 
TRANSLATIONS, | technical 
English/French/German, by 
Engineer-Scientist. 
London, N.22. 


and scientific, 
highly qualified 
Smuts, 8, Palace Gates Road, 
W 1159 





AGENCIES 


PROGRESSIVE New Zealand Importer requires 
Agencies for electronic apparatus, instruments and 
accessories. Principal is visiting England early 
September. Interested manufacturers please 
reply, giving details of products, to Box No, 
W 1161. 


RANGE : 10 to 310 Mc/s 


Li @ 


LARkswood 4366/7/8 
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TELCON 


CELEBRATES ITS 


CENTENARY 


1850-1950 


1950 marks the anniversary of 100 years of manufac- 
turing enterprise since the formation of The Gutta 
Percha Company, which in 1850 made the first sub- 
marine telegraph cable laid between England and France 
and which became the nucleus of The Telegraph Con- 
struction and Maintenance Company Ltd.. From this 
small beginning as merchant adventurers in a new 
commodity, grew the Telcon organisation, whose 
activities have steadily multiplied until today they 
cover a wide field of industry. 


TELCON CABLES 


TELCON METALS 


TELCON PLASTICS 


Power distribution cables; land 
communication cables; radio fre- 
quency and television cables ; in- 
strument wires; etc. 


Magnetic alloys; glass sealing alloys; 
resistance alloys; thermostatic 
bimetals ; beryllium copper ; etc. 


Gutta Percha and Telcothene : 
sheet, tube, mouldings, tape, 
coated papers, etc. 


_The Telegraph Construction & Maintenance Co. Ltd 


Telcon Works 








Greenwich, S.E.10 








Telephone: GREENWICH 3291 TELSON Telegrams : MOORINGS GREEN, LONDON 














N THE PACKAGE 


THE POWEK | 


<< 


———_—_———_ 


















Osram vatves 


4 tontc to any set / 
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The Metrovick 
Stabilised D.C. Power Unit 


N laboratories and meter testing 

stations there is often a demand 
for a highly stable d.c. voltage supply. 
The Power Unit, Type 222, has been 
produced to satisfy this demand. 


























SPECIFICATION 
Supply : 200/250V, A.C., 50 c/s., 
single-phase. 
Output: Between_ 660 and 680 volts 
D.C. (fixed) at up to 250 mA. 
Stability: |§ Maximum drift over 10 min-4 
parts in 100,000. 
Maximum drift over 1 hr-1°5. 
parts in 10,000, 
These figures apply for mains 
input changes not exceeding 
+ 5% after warming up 
period of two hours. 
Output Impedance: Better than o:1 ohm. 
Output Ripple: Approximately 2mV r.m.s. 


Se penaRoM eae 





Ap se 





Stabilised D.C. Power 
Unit, complete with 
Voltage Divider Type 292 











METROPOLITAN-VICKERS ELECTRICAL CO. LTD. 


TRAFFORD PARK, MANCHESTER 17 
A member of the A.E.I. group of Companies 


METROVICK Pioneers in Radio and Electronic equipment 


’ R/E 904 















SALFORD ELECTRICAL INSTRUMENTS LTD 


A Subsidiary of THE GENERAL ELECTRIC CO. LTD. OF ENGLAND 
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QUARTZ CRYSTAL UNITS 


For Reliable Radio Communications 


From take-off to landing, the safety of passen- 
gers, cargo and machines is largely dependent 
on trouble-free radio communication. 
Weather reports, conditions at terminal airports 
etc., must be reported to aircrews. 
Navigation by radio beacons plays an important 
part in keeping the planes flying safely on their 
assigned routes. 
Be sure, then, that the Quartz Crystal Units in 
your radio equipment are the best obtainable, 
for they are the most critical components. 
Pioneering research and experience in making 
over a million units, ensure a product of the 
finest available quality at competitive prices. 
We can give rapid delivery for your urgent 
requirements. 
When the requirement is exceptionally 
urgent, phone Middleton (Lancs.) 2424 
or Temple Bar 4669 (London). 


September, 1950 





PEEL WORKS-SILK ST, 
- SALFORD 3-LANCS. 
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REMOTE POSITION INDICATION 
- + SERVO CONTROL - - 
- + COMPUTATION - - 


MAGSLIPS 
SIZES: 14” 2” and 3” 


VOLTAGES: 50V to I50V according to type 
TH is FREQUENCIES: 50 c/s to 1100 c/s according to type 


| COUPON 
for 
DESCRIPTIVE LITERATURE 
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MUIRHEAD & CO. LTD., 




















BECKENHAM - KENT - ENGLAND ; 

a Please send me Bulletins B-580 and B-604 fully describing the | 

i Magslips and Ipots advertised in *‘ Electronic Engineering.’’ i 

| NAME 

ADDRESS i 

INDUCTIVE POTENTIOMETER ; i 
(IPOT) fl | 

DIMENSIONS: 63” x 63” x 314” j | 
SUPPLY: a SUG 95: ge ee ee eas ee te eo A 


MUIRHEAD & CO. LTD. coptecision 


PRECISION ELECTRICAL INSTRUMENT MAKERS MUIRHEAD 
BECKENHAM -: KENT - ENGLAND (¢ Etectaricat instruments 


Telegrams & Cables : MUIRHEADS ELMERS-END 28A 





Telephone : BECkenham 0041 
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FOR SWITCHES 


and all radio components 
FREQUENTITE-FARADEX-TEMPRADEX 


HH 
mM 
a 
Hm 


(MMU 
nn 


‘(inti 
ene 


STEATITE & PORCELAIN PRODUCTS LTD. 


Stourport on Severn, Worcester Telephone: Stourport III Telegrams : Steatain, Stourport 
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Valves for Research 







and Development 

















More than twenty years of intensive research work lie behind 


q the BTH valves now in production. Reliability in use is ensured 

by careful testing of materials and highly-skilled assembly. A 
very wide range is available, especially for radar and industrial 
applications. 


o« BRITISH THOMSON-HOUSTON 


RUGBY, ENGLAND 





12 
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- L734/p One new coaxial plug to 
fit all “Belling-Lee” coaxial sockets, 


termination boxes and cables. 


LIST NUMBERS 
L734/P 


Other plugs and 
sockets available 


L614 Right angle plug 
L615 Twin right angle 
L616 Line coupling 
L617 Through chassis 
connection 


LIST NUMBERS 
BIA 


L720/F with flange 
L720/S with skirt 
B7G 


L718/F with flange 
L718/S with skirt 





This newly developed coaxial plug replaces three 
others. It accepts coaxial cables of outside diameters 
32, impedance 50 ohm, }” impedance 72 ohms, and 
the semi-ait-spaced up to 7". It contains fewer piece 
parts, and is easier to load’ than any other good quality 
coaxial plug. 

Conforms with the draft R.E.C.M.F. specifica- 
tion for television inlets. 

The outer body being turned from solid is robust, 
the pin being slightly recessed for protection. The lead 
may be soldered before assembly thus facilitating clean- 
ing etc. P.V.C. outer cable cover is securely gripped. 


B9A and B7G Valveholders 


It is almost certain that by the time this issue is published, 
both these valveholders will be available off production tools. 

The appropriate service department has been consulted at 
every stage of development and already we have a heavy order 
book, but tooling capacity is large, and we anticipate being able 
to meet any ordinary demand. 








BELLING ¢ LEE LTD 


CAMBRIDGE ARTERIAL RD., ENFIELD, MIDDX., ENGLAND 
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CHARACTERISTICS 


Heater 


CAPACITANCES 
Anode to grid 


Grid to cathode 


RATINGS 
Va (max.) 325 V 


tion factor 
Mutual con- 








DIMENSIONS 


Maximum overall 
Maximum seated 





Base 








3B/240M 3B/241M 
6.3V 19 V 
LIA, 


Maximum diameter 1.3/16 inches 
B3B 


0.37 A. 


4.3 pF 


Anode to cathode 0.15 pF 


11.0 pF 


la (max.) 120mA 
Wa (max.) 15 W (without cooling) 
24 W (with cooling) 


Amplifica- } Measured 2 
Vg =-l 
ductance la = 50 mA (27 mA/V 


length 3.5/32 inches 
height 2.5/3 inches 
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Recently added to the Standard range are 
two Grounded Grid Triode Valves types 
3B/240M and 3B/241M, which have been 

specially developed to meet the need for 

reliable, low priced transmitter output 

valves capable of giving an output of at 

least 12 watts at frequencies up to 200 M/cs. 


Stondord Telephones and Cables Limited 


Registered Office: Connaught House, Aldwych, London WC2 
RADIO DIVISION Oakleigh Road, New Southgate, London N.1! 
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414-0),17 TYPICAL 


D.C. MOTORS 


SPECIAL DUTY AND GENERATORS 
F.H.P. MOTORS 


MOTORS 


DATA SHEET No. 3 


#. 





FRAME | 


oo DETAILS 





1/100 H.P. D.C. motor. Series or shunt or 
FP constant speed (2,000 r.p.m.). Wound for voltages 
20, 110 or 220 volts with limiting resistor. 





FQ As FP, but with approx. 50% increased output. 





FM 1/20 H.P. D.C. motor. Series or shunt wound. 
Voltages 20-220 volts. Speeds 2,000-4,000 r.p.m. 








FF2 1/100 H.P. Permanent magnet D.C. motor. 
Wound for voltages 20-110 volts. 











FRAME SIZE FF 





GENERATOR 





FRAME 
any DETAILS 





Permanent magnet D.C. generator for speed 
FF1 measurement and electronic control. Output 
25V. per 1,000 r._p.m. Moment of inertia 0.5 
oz. ins?. Ripple 14% R.M.S. of generated voltage. 
Driving torques: 0 r.p.m. 0.75 oz. ins. 6,000 r.p.m. 
2.5 oz. ins. 








Send for the Evershed Small Motors’ Data Book, E.E. 22 





FRAME SIZE FM 


EVERSHED AND VIGNOLES' LIMITED 
ACTON LANE WORKS - CHISWICK - LONDON : W4 
Telephone: Chiswick 3670 Telegrams: Megger, Chisk, London Cables: Megger, London 





5/166 
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No. 3 
| HIGH 
REPRODUCTION 
} “FIFTY and THIRTY WATT” CINEMA AMPLIFIERS 
as illustrated for single or double P.E.C. input with 
<) separate adjustable bias. Full range of tone controls to 


suit all needs with built-in Exciter Supply if required. 
PRICES range from 34} gns. to 42} gns. 





TYPE C.P. 20A AMPLIFIER 


For AC Mains and 12 volt working giving 15 watts output, 
has switch change-over from AC to DC and ‘“‘ Stand-by "’ 
positions. Consumes only 53 amperes from 12 volt battery. 
Fitted with mu-metal shielded microphone transformer for 
15 ohm microphone, provision for crystal or moving iron 
pick-up with tone control for bass and top. Outputs for 
7.5 and 15 ohms. Complete in steel case with valves. 


PRICE £28.0.0. 


25 Ongar reine 





is 


tae 





} FOUR-WAY ELECTRONIC MIXER 


q This unit has 4 built-in balanced and screened microphone 
transformers, normally of 50-30 ohms impedance. It has 
5 valves and selenium rectifier supplied by its own built- 
in screened power pack, consumption 20 watts. Suitable 
for recording and dubbing, or large P.A. Installations 
since it will drive up to six of our 50 watts amplifiers 
whose base dimensions it matches. The standard model has an output Impedance of 
20,000 ohms or less, and any impedance can be supplied to order. PRICE £24.0.0. 





OTHER MODELS IN OUR RANGE OF AMPLIFIERS 


‘*SUPER-FIFTY WATT” ------- PRICE 364 gns. 

‘THIRTY WATT” --------- » 30} gns. 

** 10-15 WATT RECORD REPRODUCER”’,, 254 gns. 

These are fitted in well ventilated steel cases with recessed 
controls, as illustrated 


Full details upon request 
EXPORT ENQUIRIES INVITED 





VORTEXION LIMITED, 257-261 THE BROADWAY, WIMBLEDON, LONDON, S.W.19. 
lon Telephones : LIB 2814 and 6242-3 Telegrams : ‘‘ Vortexion Wimble, Londen ”” 
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The range of low priced miniature 
SenTerCel selenium rectifiers devel- 
oped by STANDARD for use in radio 
receivers is now extended by the 
introduction of a larger rectifier 
specifically for use in Television 
receivers. This rectifier, Type RM4, 
is made with square aluminium high 

voltage plates and has these ratings. 


RECTIFIER DIVISION 


RATINGS 
Max. Ambient Air Temperature 
Max. Output Current 
Max. R.M.S. Input Voltage 
Max. Peak Inverse Voltage 
Max. Instantan ous teak Current 


TYPICAL OPERATING CONDITIONS 
Reservoir Capacitor 
Input 
Output 


DIMENSIONS 
Width 1.375" 
Height 1.687” 
Fixing Centres 4.250” 
Overall Length 5.000” 


700 vo ts 
Unlimited 


mfd. 
250 volts 625 mA. r.m.s. 
290 volts 250 mA. mean D.C 


Standard Telephones and Cables Limited 


Registered Office: Connaught House, Aldwych, London, W.C.2 


Warwick R¢ Boreham Wood, Herts 


ay. \e) 
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DISC-SEAL TRIODES 
for Ultra High Frequencies 


For U.H.F. links, local oscillators, and wide band applica- 
tions such as multi-channel communication systems and 
radar altimeters, frequencies up to 1500 Me/s or even 3000 
Me/s are often required. The Mullard Disc-Seal Triodes 


have been designed specifically for such purposes. 





In the ME1001, adequate cooling and low inductance are 
combined in the design of the anode and grid discs to give 
an anode dissipation of 10 watts and an upper frequency 
limit (as an oscillator) of 3750-3500 Me/s (8-8.5 cm). 


The ME1003 is basically similar in design to the ME1001, 
but the larger electrodes permit an anode dissipation of 
25 watts. However, the larger clearances necessary to 
obtain this value, limit the upper frequency to 2500 Mc/s. 


CET 


See 





PRINCIPAL CHARACTERISTICS 
























































q ME 1001 ME 1003 
4 Heater Voltage (V) 6.3 6s 
2 Heater Current (A) 0.4 1.0 
Max. Anode Voltage (V) 350 500 
; Max. Anode Dissipation (W) @. a ~ He 28 
; Max. Anode Current (mA) 50 a 200 
: Max. Peak Anode Current (mA) 150 800 
Power Output (W) 0.5 6 
(at 3000 Mc/s) | (at 1500 Mc/s) 
3.5 20 
(at 500 Mc/s) (at 430 Mc/s) 
Mutual Conductance (mA/V) 6 12 
Amplification Factor 30 30 





‘Mullard News Letter 


Manufacturers,’ designers and 


consultants who are not already 
on the mailing list for this service 
of advance information on new 
valves, are invited to write for 
full particulars. 


THERMIONIC VALVES 
& ELECTRON TUBES 


. INDUSTRIAL POWER VALVES . THYRATRONS . INDUSTRIAL'‘RECTIFIERS . PHOTOCELLS 
FLASH TUBES +. ACCELEROMETERS . CATHODE RAY TUBES .«. STABILISERS AND 
REFERENCE LEVEL TUBES - COLD CATHODE TUBES . ELECTROMETERS, ETC. 











MULLARD ELECTRONIC PRODUCTS LIMITED, CENTURY HOUSE, SHAFTESBURY AVENUE, LONDON, W.C.2 
MVT 64 





C 
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ELECTRICAL 
TESTING 
INSTRUMENTS 











PRICE 


£19: 10s. 


Size: 84” x 7}” x 5%” Weight : 6} Ib. 


See us atthe 
_ RADIO SHOW. Stand 26 | 








This recently developed High Resistance AvoMeter 
has a senstitivty of 20,000 ohms per volt on the 
D.C. voltage ranges and 1,000 ohms per volt on the 
A.C. ranges. 


It is a compact and portable multi-range instrument 
having many advantages which will commend it for 
use in laboratory or workshop. A 5-ineh elearly 
marked scale with an anti-parallax mirror is used 


for the following ranges of readings :— 
D.C. CURRENT 50yA to 1,000 mA. 
D.C. VOLTAGE _ 2.5 to 2,500 v. 
A.C. VOLTAGE 10 v. to 2,500 v. 
RESISTANCE 
Model |: 0.1 ohm to 5 megohms. 
Model 2: 0.1 ohm to 20 megohms. 


The instrument can be supplied, if required, fitted 
with magnetic screening for protection against stray 
magnetic fields. It will stand up to heavy overload 


and is protected by an automatic cut-out. 


In addition to its multi-range facilities, it can be 
used as a Galvanometer, for which purpose the zero 
can be offset to the extent of 30% of full scale 
deflexion by a simple knob adjustment. 


SICAL EQUIPMENT CO. LTD, 
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DIRECT RECWMDING ON DISK 


This new model has been designed to meet the demands for a simply operated equipment with two 
—e — and facilities for making 334 r.p.m. LONG PLAYING recordings, in addition 
to standard recordings at 78 r.p.m. 

(1) TWO MICROPHONE INPUTS JACKS FOR CONNECTING RADIUS COM- 
EACH WITH SEPARATE Paton sod "ep 3334 r.p.m. LONG PLAYING 
CONTROL. - In conjunction with the LED machine, 

i i d di 78 r.p.m. 

(2) OUTPUT TO EITHER OF tn conjunction'with the DP/LED it can be used EITHER for long 

TWO CUTTER HEADS. playing recordings at 33$ r.p.m. OR for standard recordings at 78 r.p.m. 
poy = Spey soe ie er | r.p.m. got ge ge tog the high a ag —— 
t Ss ote! ry dius 

(3) SMDIMPREMNN CONCERN, . 8 AS os Soret eS oe Mes en, 7 Sete 

QUENCY RESPONSE “ plugged into one of the jacks, (4). 





Full technical details gladly sent on request. ‘ 


M:S:S-RECORDING COMPANY LTD 


POYLE CLOSE - COLNBROOK - BUCKINGHAMSHIRE - TELEPHONE - COLNBROOK 87€ 115 
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The 1949-50 edition of the Ediswan Mazda Valve Manual is now ready for distribution. 
Containing 340 pages of data, characteristic curves and circuit diagrams covering a 
wide range of Ediswan Mazda Valves and Cathode Ray Tubes this handy pocket-sized 
booklet is essential to all Radio Engineers and Designers and should be on the 
bookshelf of every Radio man. Send for your copy now. Postal order 2/6d. (which 
includes postage and packing). 


% This booklet is a condensed version of the Ediswan Loose-leaf Valve Manual and supplements the 1948-49 
edition. A few copies of the 1948-49 edition are still available, price 1/4d., including postage. 


DUSWANN 


MAZDA 


THE EDISON SWAN ELECTRIC CO. LTD. (Technical Publications Dept.), 155 Charing Cross Road, London, W.C.2. 
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Chere is little fear of burning your bridges in this case—for these Tufno) 
housings, built to hold copper segments making electrical contacts, combine 
impressive strength with the highest electrical insulation. This particular 
installation is in use on large excavators engaged on outcrop workings of 
coal and iron ore; but Tufnol is serving in countless other ways throughout 
the Nation’s industries in their drive to maintain and increase the export 
trade. For Tufnol holds a unique balance between the properties of metal 
and hardwood, with none of the defects of either. Among other virtues, it 
resists chemical action, possesses high compressive, shear, and tensile 





A Tufnol slipper pad for the universal 
coupling of a rolling mill drive. 


TUFNOL LTD 


strength, withstands moisture and corro- 
sion, is light in weight, and can be quickly 
and accurately machined by the usual 
methods. Available in standard sheets, 
tubes, rods, bars, angles and channels, it 
can also be supplied in specially moulded 
shapes. Industry still has countless gaps 
which Tufnol, with its unlimited possibili- 
ties, will be able to fill. 


* PERRY GARR -e 





ONLY AN 
ABRIDGED 
VERSION 


of Tufnol’s remarkable pro- 

perties is recorded here. The 

full story of Tufnol is revealed in the various 
technical publications which we shall be happy 
to send you. Let us know where your particular 
interests lie. If you have 
a NEW use for Tufnol, our 
Technical Staff will be glad 
to co-operate on it with you. 
Why not write TODAY? 


TUFNOL 


REGISTERED TRADE MARK 


An LLLLISON: Product 


BIRMINGHAM 











22B 
251 
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P COSSOR announce. 


—— 
° | ENTIRELY ELECTRONIC 
INSTRUMENT FOR 

' TELEVISION ALIGNMENT 
| AND LINEARITY CHECKS 


COSSop 
Tele-Check 


LIST 
PRICE 





















The Television Alignment and Pattern Generator 






is an inexpensive instrument designed by Cossor to 





provide a simple, efficient and much needed aid to tele- 

vision receiver alignment. The tuning sweep of the %& Carrier frequency 7-70 
; : ; . mc/s. (on fundamental). 

alignment oscillator is achieved by frequency modulation Continuously variable. 


of its carrier which can be set to any frequency between 4 Frequency modulation up to 7 mc/s 


7 and 70 mc/s. A response curve of 7 mc/s. bandwidth bandwidth. 


is presented on the tube of any standard oscillograph, the yy Square Wave Modulation for linearity 


time base voltage providing the frequency modulation. check of Time Bases. Frequency 400 
. , c.p.s. (Horizontal); 80 Kc/s. (Vertical). 
The instrument also incorporates a Pattern Generator 


% Maximum output 50 mV. Minimum 25 
microvolts. Standard 80 ohm output 
to be carried out in the absence of Television trans- impedance. 


which enables frame and line Time Base linearity checks 





mission. Compact, easily portable—weight under 14 Ibs. 
tie . See it demonstrated at Stand 52, 


an NATIONAL RADIO SHOW 
* Write for fully descriptive leaflet to:— 
A. C. GOSSOR LTD., INSTRUMENT DIVISION, COSSOR HOUSE, HIGHBURY, LONDON, N.5. 
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STABILISED POWER SUPPLIES 
For immediate delivery .. . 































































. STABILIZED UNSTABILIZED 
: Type Reg. | imp. | Ripple | |o.c. |o.c. | ac. | Ac. 
" No. Volts M.A. % Ohms. m.v. Volts M.A. Volts Amps. 
% 221A | 230-360 | 150 | 5 4 3 450 | 225 | 40 | 8.0 
230-360 75 5 4 3 6.3 8.0 
Neg. 150 20 ey | 60 Neon 
5 Neg. 300 20 2 60 Neon 
i aiebaceanel . inepiniinnetneaniia 
q 221C 230-360 | 150 04} .20 95 450 | 150 | 4.0 | 80 
4 230-360 75 5 4 3.0 6.3 8.0 
; Neg. 150 20 Py 1 60 Neon 
: Neg. 300 20 2 60 Neon 
: 2c | 450-600 | 100 | 04; 20/| .95 750 | 100 | 4.0| 80 
Ss 230-360 75 5 4 3.0 6.3 | 8.0 
5 Neg. 150 20 2 60 Neon 
4 Neg. 300 20 Py | 60 Neon 

















Other combinations of voltages currents and regulations may be made to special order. 
Two highly stabilized supplies in one unit facilitates multiple testing. 


INTER ELECTRON INDUSTRIES, 7 CHILTERN STREET, LONDON, 
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Ferranti 


MINIATURISED HERMETICALLY SEALED 


, Transformers 
Ad, 


Tue Ferranti range of miniature hermeti- 
cally sealed transformers and chokes has 
been designed to meet the increasing 
demand for high-grade components by 
equipment manufacturers, and is specially 
suited for use in equipments in which 
reliability, miniaturisation and _ full 
tropicalisation combined with lightness 


& 
For further information and descriptive leaflet write to: F er r an ti Ltd 


FERRANTI LTD - TECHNICAL SALES DEPT - FERRY ROAD - CREWE TOLL - EDINBURGH 5 


of weight are of major importance. 

The transformers are housed in cans of 
monel metal, which has excellent anti- 
corrosive properties. These cans have 
ceramic bush-type terminals and are spray- 
painted black for maximum heat dissipa- 
tion. Ferranti transformers are designed 
to customers’ specific requirements. 
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B. A. 


ie the excitement attending the opening of the 
Radio Exhibition in Birmingham the radio and 
electronic profession is apt to overlook an even more 
important scientific event which will conclude on the 
opening day of the Exhibition. The British Associa- 
tion for the Advancement of Science is holding its 
112th Annual Meeting at Birmingham University from 
August 31 to Septe mar 6. 

The B.A.A.S., or, as it has been irreverently called, 
the British Ass, is not by any means the somewhat 
dry scientific gathering that popular and even tech- 
nical minds are led to believe. It 
has had for its presidents most of 
the eminent names in the scientific 
world and many notable discoveries 
have been announced for the first 
time at its meetings. Faraday 
demonstrated the heating effect of 
induced currents at the second 
meeting after its foundation in 1831 


pooooo 








to see us on Stand 
No. 15 at the National 
Radio Exhibition ? 


WON'T you come 
4 
4 


A. S. 


matics and Physics, Engineering, and Education form 
an important trio. This year atomic energy is 
prominent on the programme of papers, and Prof. 
Peierls and Sir John Cockcroft are both speaking on 
problems of high-energy particles. The engineers will 
hear papers on automatic control systems and the 
new science of radio-astronomy. There is a choice 
of visits to Accles and Pollock, Chance Bros., or Bass’s 
Brewery, among many others. 

Apart from its annual meetings, the British Associa- 
tion is noted for its contributions to standardization. 
It was a committee of the Associa- 
tion called by Lord Kelvin in 1861 
which determined our present 
system of electrical units, and this 
committee continues to exist for the 
purpose of revising electrical stan- 
dards when necessary. When the 
need for a fine screwthread to take 
$ the place of the Whitworth thread 


Poe 








and was vice-president on several (sorerooooe 


occasions afterwards. Joule read 

his original paper on The Mechanical Equivalent of 
Heat before the 1845 meeting; Crookes delivered a 
paper on ‘‘ Radiant Matter,’’ which foreshadowed 
the cathode-ray tube. 

The British Association had its origin in the attempt 
to collate various pieces of scientific research which 
were being performed in scattered laboratories and, 
in the words of its founder “‘ to direct general atten- 
tion to scientific matters.’’ Its scope has widened 
with the expansion of science until there are now no 
less than thirteen specialist sections, of which Mathe- 


D 


became evident, the British Asso- 
ciation Committee Jaid down the 
dimensions of the B.A. fine pitch threads which are 
used so extensively by electronic engineers. 

An engineer who feels that he ought to ‘‘ do some- 
thing ”’ during part of his vacation might, in future, 
time it to coincide with a meetng of the B.A. He 
will find entertaining company, food for thought, and 
see works and places of interest that he would not 
normally visit. And on his return from the meeting 
he will probably handle a 6 B.A. tap with a little 
more interest. 

G.P. 
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Microwave Lenses 


By J. BROWN, M.A., and S. S. D. JONES, M.A.* 
Part V 


Recent Developments 


[* addition to the types of lens dealt with in pre- 
ceding articles of this series, all of which have been 
the subject of a considerable amount of theoretical 
and experimental research, the last few months have 
produced a number of new developments which are 
still awaiting practical application. These new 
developments make use of principles which are not 
a practical possibility in optical lens design. 


Path Length Lenses 


The first of these new developments is the path 
length lens, recently introduced by Kock.’ It is 
well known that a stack of plane parallel conducting 
sheets, spaced in the direction of the electric vector, 
will allow the propagation of a plane wave to con- 
tinue as if the plates were absent (cf. Part III). If 


METAL PLATES 
INCLINED AT 
E ANGLE 8 TO 
THE LENS AXIS 


Za, 








Fig. 36. 
Inclined plate lens 


such a stack is distorted or tilted so as to cause the 
incident radiation to deviate from its original path, 
it forms the basis of a path length lens, in which 
focusing is achieved by controlling the geometrical 
path length of the energy being radiated from the 
focus. In all the other types of lens so far discussed, 
focusing has been achieved by alterations in the 
electrical path length, obtained by means of changes 
in refractive index. The lens medium in the path 
length lens is always of refractive index unity; focus- 
ing depends on phase correction by varying the ray 
path length rather than by varying the velocity of 
propagation. 

The simplest of these systems is shown in Fig. 36. 
The lens ‘‘ medium” is the region constrained 
between the tilted parallel plates, which are spaced 
in the direction of the electric vector and separated 
by less than one-half wavelength apart, so that only 
the principal mode can be supported. It is apparent 
that, on account of the path deviation introduced by 
the tilting of the plates, the ‘‘ medium” can be 
regarded as a refractive material of refractive index 


* Radar Research and Development Establishment, Ministry of Supply 





equal to sec 9, 9 being the angle between the plates 
and the direction of the axis. Provided that the 
spacing between plates is less than 4/2, this type of 
lens has optical properties independent of wavelength, 
and, therefore, has even better broad band charac- 
teristics than the delay lens. 

Another form of path length lens, also proposed by 
Kock,’ is called the ‘‘ Serpentine Lens ”’ (Fig. 37). 
In this, the path length is increased by corrugating 
the conducting sheets into a series of sinusoids, 
rather than tilting them. This method overcomes the 
inherent disadvantage of the inclined plate lens, 
which, inevitably, distorts the amplitude distribution 
across the aperture with consequent increase in side- 
lobe level in the electric plane. 

No detailed theoretical analysis of these path 
length lenses has yet been published; but it appears 
that Kock’s treatment of the serpentine lens is some- 





Fig. 37. 
Serpentine lens 


what over-simplified. The mode of propagation 
between the plates of a lens of this type must be essen- 
tially the same as that which occurs in the 
corrugated strip transmission lines used in the con- 
struction of travelling wave tubes. The assumption 
made by Kock that the medium has a refractive 
index given by the ratio of the length of the sinu- 
soidal curve to the length of its axis of symmetry 
is therefore probably not entirely justified. Further 
theoretical work on this point remains to be done, 
together with an investigation of the reflexion losses 
of such lenses. It is worth noting that a path length 
lens may be regarded as a limiting case of a delay 
lens, in the same way as a metal plate lens is a limit- 
ing case of a rodded lens. 

There is a further type of path length lens, which, 
although of rather limited practical application, is 
of interest as a realization of an optical device sug- 
gested by Wood.” A non-homogeneous transparent 
disk, whose refractive index is a suitably chosen 
function of the radial distance from the axis, will 
collimate the radiation from a point source. The 
required variation of refractive index is given by the 
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where n is the refractive index at the point distance 
r from the axis, 


no is the refractive index at the centre, 
f is the focal length of the lens, 
and t is the thickness ofthe lens. 


A cylindrical analogue of this system is shown in 
Fig. 38, and consists of curved metal plates. The 
ratio of the length of the curved sheet at distance 
r from the axis to the thickness of the lens is chosen 
to be equal to the refractive index n as given by 
Equation (56). The lens shown in Fig. 38 is designed 
to collimate the radiation from a line source, and 
the shape of the plates is such that the geometrical 
path length from the line source to the outer face 
of the lens is the same for all possible paths through 
the lens. As in all configuration focusing devices, 
the electric vector must be normal to the direction 
of the conducting plates, and the spacing between 





equation n= 


Fig. 38. 
Cylindrical path-length lens 
Page ars Boe: ; ¥ 
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the plates must be less than half the.free-space wave- 
length. The method of lens construction which has 
just been described is limited to the production of 
cylindrical lenses, as the plates must always be 
perpendicular to the electric vector. The advantages 
of this method are the ease of construction and the 
inherent mechanical rigidity. A lens of this type 
will still operate satisfactorily after considerable 
accidental damage. It has the broad-band charac- 
teristics of all configuration focusing devices. 

The subject of configuration focusing, i.e., focusing 
by means of variations in the geometrical path-length 
of the rays, is dealt with in general terms by S. B. 
Myers,” who considers the propagation between two 
parallel plates spaced apart by less than half a wave- 
length. It may be shown that in such systems the 
waves travel along the geodesics of the mean surface 
between the plates. Myers studies possible scanning 
systems making use of this principle: a surface has 
to be found such that all the geodesics from each of 
the possible feed positions to the aperture from which 
the radiated beam emerges, are of the same length. 
For practical reasons the aperture should usually be 
a straight line, and the curve along which the feed 
moves should be circular. Systems of this type form 
a possible basis of high speed scanners, and will be 
considered further at the end of the next section. 


Non-Homogeneous Lenses 


In optical lenses, the refractive medium must of 
necessity be isotropic. In microwave lenses, how- 
ever, it is possible to make use of media in which the 
refractive index varies from point to point. The lens 
designer may make use of this variation in order to 
achieve many useful properties. 

It has already been shown that the refractive index 
between a pair of parallel conducting sheets is given 
by Equation (31), which is repeated here for con- 


venience. 
A= Nie Ma ic sia veotacaaes (31) 


Since the refractive index is a function of the spacing 
a, between the plates, it is obviously possible to 
achieve any desired variation of refractive index by 
suitably altering the plate spacing. A region of non- 
homogeneous refractive index, produced in this way, 
will therefore consist of a pair of metal plates suit- 


Fig. 39. 
Half Fish-eye 
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ably bulged. One application of this principle is 
shown in Fig. 39, and is the practical realization of 
a suggestion of Clerk Maxwell. Maxwell showed in 
1865 that a sphere, in which the refractive index 
varies according to the relation 


n= nof/i + (@/R).................. (57) 


where r is the radial distance and R is the radius of 

the sphere forms an image of a point on its 

surface at the diametrically opposite point. It 

is clear from symmetry that a hemisphere cut 

from such a_ sphere will produce a_ parallel 

beam from a point source, as shown in Fig. 40. 
! 


| RAY PATHS 


SOURCE IMAGE 


[THIS PLANE IS 
;NORMAL TO ALL 
THE RAY PATHS 
Fig. 40. 
Maxwell’s Fish-eye 


The spherical system is known as ‘“ Maxwell’s 
Fish-eye,’’ and so the microwave analogue shown in 
Fig. 39 has been called the ‘‘ Half Fish-Eye.’’ One 
of the conducting sheets forming the systems is plane 
and the other curved: only the curved sheet is shown 
in Fig. 39. The equation for the profile of the curved 
sheet is obtained by combining the two Equations 
(31) and (57), and is 
r 
Fy Rigs a en 





where A is the free-space wavelength, 
mo is the refractive index at the centre of the 
aperture, 
r is the radial distance from the centre of the 
aperture, 

and a is the spacing between the sheets. 

It is desirable that the maximum value of a should 
not exceed the free-space wavelength, in order 
that there should be no possibility of ambiguity in 
the value of the refractive index. If the spacing 
exceeds the free-space wavelength, the Ho. mode may 
be supported.” This restriction on the spacing limits 
the value of n to 0.866. 

Because of the symmetrical nature of the “ Half 
Fish-Eye,’”’ a theoretical analysis is comparatively 
simple. Equation (57) may be derived by consider- 
ing the ray paths on the surface of a sphere, travel- 
ling from a point to the image at the diametrically 
opposite point. These paths will be great circles. 
If these paths are projected on to the diametrical 
plane as shown in Fig. 41, circular ray paths are 
again obtained. It may also be shown that in order 
that the rays may travel along these circular paths, 
(on) the refractive index must vary as in Equation 
(57). 

It is also possible to calculate the amplitude distri- 
bution of the wave emerging from the Half Fish- 
Eye, and then by using the fact that the phase of this 
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PROJECTION POINTOF — PROJECTION OF 
OF RAY RAP CONTACT LOWER 
HEMISPHERE 
Fig. 41. 


Derivation of equation (57) 


wave is constant, as of course it is designed to be, 
the radiation pattern may be calculated. It may be 
shown that the equations of the circular ray paths 
through the lens are given by 

Rsin@ 


Fe ee as Sadauan evniien 59 
1 + cos@ (59) 


where 9 is the angle the ray paths make with the 
z-axis, as they leave the feed. 

The primary feed will have its own radiation pattern, 
which may be specified by the function P(9), which 
represents the power leaving the feed between the 
angles @ and 9 + d9. This power will leave the 
aperture between r and r + dr, where r and ® are 
related by Equation (59). If A(r) represents the 
nag leaving the aperture between r and r + dr, 
then 

A(r) = P(®) d9/dr (60) 


where d9/dr is obtained by differentiating Equation 
(59) and has the value 


d¢?/dr = 


P+ 
So far no allowance has been made for the reflexion 
which will occur at the aperture. The power re- 


flexion coefficient will have the value — " 
(1 + n)’ 
obtained from Equation (52), where n varies with r 
according to Equation (57). To obtain the correct 
power distribution across the aperture, A(r) must 
be multiplied by the transmission coefficient corres- 
ponding to the above value of the reflexion coefficient. 
metrical amplitude distribution is given by” 


iat aie. 


Since the phase distribution across the aperture is 
constant, the amplitude distribution will be propor- 
tional to the square root of the value of A’(r) given 
by Equation (62). The radiation pattern to a sym- 
metrical amplitude distribution is given by” 


G(u) = 2K f,'VA(r) cos 27 ur. dr ..... (63) 


where u = 1/Asin¢, ¢ being the angle with the 
normal to the aperture, and K is a numerical constant 
which will not affect the shape of the radiation 
pattern. 

When the appropriate form of the amplitude dis- 
tribution is substituted in Equation (63), a rather 
complicated integration is obtained. This integra- 
tion may, however, be carried out numerically, and 
it is found that for a uniformly radiating primary 
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feed, i.e., one for which P(9) is a constant, the ampli- 
tude of the first and largest side-lobe is about 17 db. 
below that of the main beam. This represents an 
improvement of about 4 db. upon the level for a 
uniformly illuminated aperture. A further reduction 
of the side-lobe may be obtained by a suitable choice 
of the function P(9). 

At the time of writing, the theoretical performance 
of the Half Fish-Eye has not been experimentally 
verified. However, another cylindrical system using 
the same method of obtaining a medium of non- 
homogeneous refractive index has been the subject 
of experimental work. This system is the microwave 
analogue of a theorem, proved by R. K. Luneberg,” 
which states that a cylinder of unit radius, in which 
the refractive index is related to the radial distance 
r by the equation 

ee VE a iskescruns (64) 
will cause a parallel beam, which is incident on the 


cylinder normally to the axis, to come to a line focus 
at the surface of the cylinder, as shown in Fig. 42. 





INCIDENT 
WAVE 





Fig. 42. 
Luneberg’s lens 


An application of this theorem,” which may be used 
to provide a line source of microwave energy has 
been shown in Fig. 2 of Part I. The lens consists of 
a circular portion, bounded by conducting sheets, 
one of which is plane and the other curved. Only 
the curved sheet is shown in Fig. 2. The curvature 
of the sheet is so chosen that the refractive index 
within this portion is determined by a relation 
similar to that of Equation (64). Outside the circu- 
lar portion there is a further region in which the 
plates are plane and parallel. This added region is 
called the ‘‘ normalizing region ’’ and is required for 
two reasons. Firstly, a lens of this type only pro- 
vides a line source which is, in general, insufficient 
in itself to act as a practical beam aerial system and 
must be used in conjunction with a cylindrical focus- 
ing element, such as a further lens or a mirror. 
Clearly, this latter element must be fed from a 
straight line parallel to its axis, as its focusing action 
would be impaired if it were fed from the arc of a 
circle rather than a straight line. A second and more 
fundamental reason for the normalizing region 
follows from Equation (64) above. Luneburg’s equa- 
tion demands that the refractive index shall vary 
between V2 at the centre of the cylinder and unity 
at the surface. The waveguide action of the conduct- 
ing sheets, however, can only provide refractive 
indices lying between zero and unity. It is possible 
to replace Equation (64) by the more general rela- 


tion 
= no V (2 Ps r/R’) Camere meres seene (65) 


where n is the refractive index of the normalizing 
region, and R is the radius of the cylinder. 
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If no is chosen to be less than 1/ V2, the possibility 
of satisfying Equation (65) by using spaced conduct- 
ing sheets is apparent. The sheets must be sur- 
rounded by an infinite pair of plane parallel sheets 
so spaced that they produce a refractive index 
no = ne/ V2, where ne is the refractive index at the 
centre of the circular portion. In the experimental 
model the value of ne was fixed at 0.866, which cor- 
responds to a spacing at the centre equal to \: this 
value, as in the case of the Half Fish-Eye, was chosen 
as being the largest spacing which would not support 
the Ho:. mode. 

When Equations (31) and (85) are combined, the 
following equation for the spacing between the sheets 
is obtained : 

r 


“"wji-.a-7/Ppeo" 
\ is the free-space wavelength, 
r is the radial distance from the centre 
and R is the radius of the lens. 





a 


The spacing between the plane normalizing sheets is 
therefore given by 


r 

a Wha (67) 
The measured performance of this system shows 
satisfactory scanning properties over an angle of 20° 
together with reasonable side-lobe suppression over 
a range of wavelengths of about 5 per cent. At the 
design wavelength, the side-lobe level is better than 
23 db. below the level of the main beam, when the 
feed is an open-ended waveguide. The side-lobe level 
rises to about 17 db. when the wavelength of opera- 

tion is changed by 5 per cent in either direction. 
Both the above non-homogeneous lens systems 
require the electric vector to be parallel to the plates. 
A technique for producing similar systems when the 
electric vector is normal to the plate has been 
developed by the Radio Corporation of America, 
and has been described by DeVore and Iams.” The 
particular system described employs the principle of 
Luneberg, the non-homogeneous refractive index 
being produced by inserting a varying thickness of 
dielectric between the plates as shown in Fig. 43. 





Ses 
METAL 
PLATES 
DIELECTRIC 
Fig. 43. 


Alternative form of Luneberg’s lens (cross section) 


Details of the performance of this system have not 
yet, to the author’s knowledge, been published, but 
difficulties in obtaining large disks of dielectric, of 
which the diameter may be several feet, of the 
necessary homogeneity, are to be expected. : 
A wide-angle scanning system is also described in 
the same paper, and will be discussed here as it is an 
interesting application of configuration focusing, 
which has been described in the section -on path 
length lenses. The system is known as the R-2R lens. 
As in all the configuration focusing systems, the 
electro-magnetic energy is constructed to flow 
between spaced conducing sheets, the electric vector 
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being normal to the sheets. As in the case of the 
path lenses already described the spacing between 
the sheets must be less than one-half the free space 
wavelength. 

The R-2R lens is developed from the geometrical 
configuration shown in Fig. 46, A and B being the 
shapes of pairs of parallel sheets viewed from the 
direction in which they are spaced. This diagram 
will be used in the following description, but in the 
practical system the plates are bent in such a way 
that PQ may be welded to the circumference of the 
circle B and so that ST remains a straight line. It 
is possible to bend the sheets in this way if they are 
large compared with their spacing. When this is 
done the points V and V’ will coincide, as the dis- 
tances s, s’, are both equal to 2R®, where ® is the 
angle shown in Fig. 44. Also, since the path length 
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Ty 

Fig. 44. 


Basis of the R-2R lens 


FV + VU has the constant value 2R, the path 
length of any ray from the feed position F to the 
straight line XY is independent of the value of @. 
Radiation from a point source at F will therefore 
produce an equiphase surface at ST. The geometry 
of Fig. 46 may be extended to show that a point 
source at any other point F’ on the circumference of 
B will produce a line source at ST, radiating a beam 
inclined to the normal to the aperture. 


The Suppression of 

With the extension of television transmission to 
the Midland area last December, the problem 
of interference to normal radio reception by tele- 
vision receivers reached major proportions. A 
number of leading manufacturers began extensive 
research into methods of overcoming the difficulty. 

Although the trouble originates in the line time 
base circuit, the associated circuits also radiate, in- 
cluding in a number of cases the wall coating of the 
c.R.T. itself. It soon became apparent that screens 
around individual components were not effective, and 
the only satisfactory method found was a screen 
around the whole receiver. 

In the course of the investigation into this problem 
Messrs. Acheson Colloids, Limited, were approached 
concerning a suitable conducting paint for applying 
to the cabinet, with a view to eliminating the trouble. 
A special product was developed for the purpose 
which proved to be satisfactory in eliminating the 
radiation. 
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REFLECTOR 
Fig. 45. 
Practical form of the R-2R lens 


The practical R-2R scanner is developed from Fig. 
45, in which the sheets B are semi-circles with a 
diagonal reflector through the centre. The primary 
feed does not move precisely along the circumference 
of B, as a slight deviation is stated to improve the 
scanning properties at the expense of perfection of 
focusing. It is claimed that an R-2R scanner has 
been constructed to sweep a 1° beam through 40° 
at a maximum rate of 60 sweeps per second. 

As in the case of all the path length lenses, there is 
no fundamental reason why the electric vector should 
not be parallel to the plates, provided that the plate 
spacing lies between 4/2 and A. However, since the 
refractive index is in this case a function of the plate 
spacing, this spacing becomes impracticably critical, 
and so a system like this is not likely to be used. 
Moreover, such a system would only operate satis- 
factorily over a very narrow band of wavelengths. 


(To be concluded) 
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Radiation Interference 

The product in question, ‘‘ dag ’’ Dispersion 479, 
is a quick-drying water-based paint designed to be 
brushed on the inside of the cabinet. According to a 
report from the makers: 

‘*Tests show that a radio receiver will operate 
satisfactorily, even on the long wave band, only a 
few feet away from a tested television set. Screening 
is so simple and economical to carry out that it can 
be applied by any capable television dealer for a 
moderate charge and, if necessary, on the owner’s 
premises. 

Thus dealers now have an effective weapon to abate 
the nuisance to the listening public. Manufacturers, 
by treating future models, can ensure that in time the 
problem will be reduced to negligible proportions.”’ 

Those interested are asked to write for further tech- 
nical information regarded the use of Dispersion 479 
to Messrs. Acheson Colloids, Limited, 18 Pall Mall, 
London, S.W.1. 
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Electronically-Controlled 


Ciné-radiographic Apparatus 


By V. QUITTNER, Dr. Phil., A.M.1.E.E. 
( General Radiological Ltd.) 


E VER since the discovery of X-rays and the inven- 
tion of the cinematograph—which happened to 
occur at approximately the same time—it has been 
recognized that it would be a great advantage to 
medical diagnosis and, even more perhaps, to scientific 
research in medicine, anatomy and physiology if it 
were possible to produce X-ray ciné-films which would 
allow observation at any time of the movements occur- 
ring inside the bodies of men or animals on a screen. 

Such hopes could not be realized at a time when an 
X-ray exposure required a time of at least a few 
seconds, if not minutes. With powerful X-ray tubes, 
however, and equally efficient high-tension generators, 
exposure times down to a few hundredths of second 
are possible, so that a number of exposures more than 
sufficient for projection can be made easily every 
second. 

There are two possible methods of X-ray cinemato- 
graphy. The direct method allows the X-rays, after 
passage through the object to be radiographed, to 
impinge directly on the photographic film. It is 
obvious that,'in this case, the frame on the film must 
be of the same size as the object itself, therefore this 
method is, at least with the normal 35 mm. film, only 
applicable to very small objects. 

This restriction does not apply to the indirect 
method which is, therefore, the one in general use. It 
is based on the same principle as the well-known “‘mass 
miniature radiography,” so widely used during and 
after the last war for the early diagnosis of tuber- 
culosis. The X-rays, after passage through the object, 
fall on a fluorescent screen, where they produce a 
full-size radiographic image in green or blue colour. 
This image is reproduced at a greatly reduced scale 
by the optical system of a conventional film camera on 
35 mm. (or sometimes 16 mm.) ordinary ciné-film. 

When this indirect or fluorographic method is used 
with a normal four valve u.T. generator (A.c. rectified 
by four valves in bridge connexion), which is the most 
usual type of X-ray apparatus, the fluorescent image 
is not continuous but appears and disappears (with 
50 cycles frequency) a hundred times per second. It 
follows that the individual frames on the ciné-film 
can only be of equal intensity if the time interval 
between successive frames is an integral multiple of 
0.01 sec. In many cases, however, it is desirable to 
have no restriction of this kind and in this case con- 
stant or nearly constant high voltage is required. The 
source of H.T., in this case, can be a large H.T. capa- 
citor, capable of storing the total energy required for 
the full film-length, or a normal four valve generator 
with adequate smoothing capacitors. 


With a generator supplying constant high voltage 
the fluorescent image remains continuously on the 
screen and it is therefore quite possible to use a 
normal ciné-camera without any special equipment for 
the recording of this moving image on ciné-film. This 
simple method is, indeed, sometimes used. Its main 
disadvantage is that the X-ray tube is loaded and X- 
rays are going through the object not only when it is 
needed, but also during the transport time of the film 
when the camera shutter is closed. If the object is a 
human patient the quantity of X-rays passing through 
his body must be kept below the limit which could do 
him harm, and this limits the permissible total expo- 
sure time. 

If, during the time of film transport the patient 
can be protected against the X-rays the total time 
or number of frames can be considerably increased. 
This is sometimes done by a lead shutter between the 
X-ray tube and the object, which rotates in syn- 
chronism with the transport mechanism of the camera 
and cuts off the X-ray beam during the periods of 
film transport. In this way the dangerous over- 
exposure of the patient can be avoided. 

But there still remains the disadvantage that the 
X-ray tube is loaded not only when its X-ray output 
is required, but also, uselessly, during the intervals 
between the individual frames. As each exposure is 
necessarily very short the tube current and voltage 
must be high to produce sufficient effect on the film, 
and the tube is mostly working at or near its maxi- 
mum load. If the load could be removed from the 
tube during the intervals between exposure (i.e., 
while the film is being transported) the total permis- 
sible exposure time or number of individual exposures 
could be increased by between 40 and 100 per cent. 

It is obvious that the intervals between exposures 
are far too short for switching on and off the u.T. 
transformer at the low tension side, as the primary 
current may be as high as 50 A or more and a heavy 
contactor is necessary for the switching. So the only 
possible method of switching off the tube between 
exposures is the use of a valve capable of closing and 
interrupting instantaneously a current of 200 mA or 
more at a voltage of 100 or even 150 kilovolts, corres- 
ponding to a load of 20 to 30 kilowatts. 

When a switch valve is used to close and interrupt 
the H.T. supply of the tube it is necessary for it to 
work in exact synchronism with the film transport 
mechanism of the ciné-camera. Now the switch valve 
is inserted in the H.T. circuit, and its cathode and 
grid may therefore be at a potential of 50 kV below 
earth potential, while the camera with its transport 
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mechanism is naturally at earth potential. So the 
problem arises how to transmit without delay signals 
from a point at earth potential to another at a very 
high potential to earth. 

Various methods have been tried to solve this prob- 
lem. Mechanical transmitters, such as long insulating 
rods, can be used for single signals, but they must 
fail if the signals follow each other in quick succession. 
One German firm used a high frequency generator 
(300 ke/s.) switched on and off by the signals from 
the ciné-camera. The H.F. energy was transmitted 
through a pair of coils to the H.T, circuit, where it 
was rectified and then used to change the grid poten- 
tial of the switch-valve. This method works quite 
satisfactorily, but is very complicated. 

The method to be described now is very much 
simpler and has proved to be equally satisfactory and 
reliable for X-ray cinematography. It makes use of 
the fact that ciné-radiographic exposures are cer- 
tainly not longer than, say, a quarter of a second. 
If, therefore, an impulse transmitted from earth 
potential to high potential by a suitable transformer 
can be made to last long enough, it could directly 
be used not only to initiate but also to maintain the 
exposure for the required time up to the moment 
when it will be brought to a close by another impulse 
of opposite sign. It is then not necessary to use 
repeated impulses (the use of H.F. can, indeed, be 
considered as a great number of repeated impulses 
following each other in quick succession) or any kind 
of triggering mechanism, and the controlling system 
becomes extremely simple. 

Fig. 1 shows the basic diagram of the control 
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Fig. |. 
Diagram of control system 
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system using the ‘‘ long-impulse ” transformer. The 
X-ray tube and the main switch valve 1 are inserted 
in series in the H.T. circuit, so that to pass current 
through the tube the switch-valve must be conduct- 
ing. But it is not sufficient for the switch-valve to 
be just ‘‘conducting’’, it must allow a considerable 
current to go through it without a drop of voltage 
exceeding a few kilovolts, so that nearly the full 
voltage of the H.T, generator goes to the tube. This 
is not possible without applying a positive grid volt- 
age of a few hundred volts to it, and, under these 
circumstances, the grid will take a grid-current of 
something between 50 and 100 mA. This grid-current 
is supplied by the voltage source D and controlled 
by the auxiliary switch-valve 2, as will be described 
later on. On the other hand, in order to render the 
switch-valve completely non-conducting with an 
anode voltage of 100 kV or more, a negative voltage 
of 1,000 to 2,000 V must be applied to its grid. This 
voltage is derived from the voltage source C (of high 
voltage, but only capable of supplying a low current) 
and reaches the grid of 1 through the high resistance 
P (200,000 ohms). 

The design of the auxiliary switch-valve is such 
that, with its grid biased to —200 V, it does not allow 
any current to pass, when exposed to the sum of the 
voltages of both C and D (2,000-2,500 V). With its 
grid at zero voltage, it allows a current of 100 mA 
to pass with a drop not exceeding 300 volts, so that 
with a voltage source D of 600 V it is easy to supply 
the required grid current to the main switch-valve. 
When 2 is conducting, a small part of its anode 
current takes the way via p and C, and its voltage 
drop when passing across p keeps the negative volt- 
age from C away from the grid of 1, so that it can 
assume a positive voltage, rendering the main switch- 
valve fully conducting. 

It will now be easy to understand how the system 
works. Apart from those components which have 
already been mentioned there is a third valve 3, a 
normal small receiving amplifier, whose anode is 
coupled by the coupling resistance re to the grid of 
valve 2; its anode voltage is supplied by a third, 
rather small, voltage source B. 4 is the long-impulse 
transformer, whose secondary coil acts directly on the 
grid of valve 3, while its primary coil recéives voltage 
and current from source A (24 V accumulator or well- 
smoothed rectifier), when the exposure switch is 
closed and the rotating interrupter 5, directly coupled 
to the film-transport mechanism of the camera, is in 
the position where it makes contact. 

As long as no voltage is induced in the secondary 
coil of the long-impulse transformer valve 3 has no 
grid bias and is therefore fully conducting. Its anode 
current flowing through the coupling resistance. re 
makes the grid of the auxiliary switch-valve 2 
sufficiently negative to cut off this valve. Con- 
sequently the grid of main switch-valve 1 is kept at 
the high negative voltage of C, and the main switch- 
valve is cut off, too, and does not allow any current 
to pass through itself and through the X-ray tube. 


When, however, a voltage of sufficient magnitude 
in the direction as indicated by the arrow is induced 
in the secondary coil of the transformer, the grid of 
valve 3 becomes negative and the current through 
this valve and through the coupling resistance ceases 
to flow. The auxiliary switch-valve 2 loses its 
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negative grid bias and becomes conducting and—in 
the way described earlier—the grid of the main 
switch-valve 1 goes from negative to positive, this 
valve also becomes conducting, and current from the 
H.T. generator can pass through the tube. 

Such voltage in the transformer’s secondary coil 
will be produced when the rotating interrupter 5 
(supposed to have been in the ‘‘open’’ posit:on before) 
closes and allows current from A to flow through the 
primary coil of the transformer. The induced volt- 
age will start instantaneously at its top value and 
remain as long as the current in the primary coil 
is still rising. As the primary current approaches its 
final value (voltage of source divided by total 
resistance) the induced secondary voltage will decay 
gradually. When it has fallen below a certain value 
the valve 1 will gradually “lose conductivity, the 
current through the X-ray tube will be more and 
more choked and finally interrupted, so bringing the 
exposure to an end. 

An exposure should, however, never be allowed to 
die out in this way (though it constitutes quite a 
good safety device against gross overload), because 
the duration of the exposure would not be exactly 
determined and its end would be sluggish and 
irregular. The exposure is, indeed, cut off before its 
natural close when the brush of the rotating inter- 
rupter leaves the conducting segment and cuts off 
further current supply from the voltage source A. To 
avoid damagingly high voltages in the secondary coil 
the primary coil is bridged by a suitable by-pass 
resistor rp. This has the effect that the primary 
current is not suddenly interrupted, but its increase 
is instantaneously reversed into a decrease, generally 
of considerably higher gradient than the previous 
increase. Consequently the induced secondary volt- 
age will instantaneously change its sign and the grid 


Fig. 2. 
Primary current and secondary voltage curves of long-impulse 
transformer 
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voltage of valve 3 jumps from a negative to a positive 
value (the high grid resistance r,—3 megohm—pro- 
tects the grid and reduces the grid current to a small 


fraction of 1 mA). So anode current through valve 3 
flows again, valves 2 and 1 are cut off instantaneously, 
and the exposure comes to an instantaneous and 
exactly fixed close. 


When—as is the case with ciné-radiography the 
exposures follow each other at short intervals, a 
fresh supply of current from source A will start before 
the primary current has had time to fall to a value 
not far from zero. There will, consequently, always 
be current in the same direction in the primary coil, 
but its magnitude will go up and down between two 
limiting values. This current can be regarded as a 
D.c. current with superimposed a.c. ot frame fre- 
quency and of very distorted wave shape. The p.c. 
component is obviously not transmitted to the secon- 
dary circuit, but the a.c. component is transmitted 
and produces a still more distorted-looking curve of 
secondary voltage of frames frequency. 


The general shape of the curves of primary current 
and of secondary voltage according to these theoreti- 
cal considerations are represented in the diagram 
Fig. 2. As the induced secondary voltage is obviously 
a pure A.c. “voltage the positive and negative parts 
of it must define surfaces of equal size between them- 
selves and the zero line. In the case represented in 
Fig. 2, where the exposures were three times longer 
than the intervals, the positive (useless) grid voltage 
during the intervals is roughly three times as high 
as, and decays’ much faster than, the negative voltage 
which makes the exposures. 


The most important part of the switching 
mechanism, on which its correct functioning depends, 
is the long-impulse transformer. The first condition 
which such transformer must fulfil is an exceptionally 
high time constant (L/R) of the primary coil, so that 
the rise of current extends over a sufficiently long 
time. High self-inductance and relatively low 
primary resistance are therefore necessary. On the 
other hand, however, a very high time constant will 
reduce the difference between highest and lowest 
primary current (i mx and ti min in Fig. 2); con- 
sequently the induced secondary voltages will be 
reduced as well. Calculation and practical experience 
show that there is an optimum value for the time 
constant, when it is een equal to the 
longest exposure required. 


As the long-impulse transformer has to stand full 
H.T. voltage between its primary and secondary coils, 
there must be a considerable distance between the 
two coils, and the transformer is therefore bound to 
have some magnetic leakage, which produces oscil- 
lations of audio frequency superimposed on the 
impulses. Such oscillations, which may easily cause 
serious trouble, can be suppressed, or at least reduced 
to such a value as to cause no disturbance, by con- 
necting a load resistance of a few hundred kilohms 
across the transformer’s secondary coil. A small 
capacitor, in parallel with the resistance, in some 
cases gives a further improvement. 

The transformer actually used in the ciné-radio- 
graphic unit has a ratio of 1:4 with 10,000 primary 
and 40,000 secondary turns on a core of 2.1 sq. in. 
The resistance of the primary coil is 640 ohms, the 
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bridging resistance rp is 2,000 ohms. Its primary self- 
inductance and time constant are 


At prim. current  Self-inductance Time constant 


mA Henry Milliseconds 
0 193 302 
30 100 156 


The highest possible current through the primary coil 
is 24 volts/640 ohms = 37.5 mA 

The maximum length of exposure which can safely 
be made with this transformer is 250 milliseconds; 
if the camera is so designed that the ratio of exposure 
time to transport time is equal to 3:1, the number 
of frames per second can be as low as three. 

The working of the long-impulse transformer is 
illustrated by the oscillogram Fig. 3. This shows the 
secondary voltage of the transformer with the inter- 
rupter at the camera running at approximately 
twenty frames per second. It can be seen that the 
negative voltage during the exposure drops very 
slowly (the drop is naturally larger at the lowest 
speed of four frames per second), while the positive 
voltage during the intervals drops fairly quickly. 
There are practically no superimposed oscillations 
left. 

The most important part of the electronic switch- 
ing system and certainly the most difficult one to 
design and manufacture is the main switch-valve 
(Fig. 4).* With its grid at a sufficiently high negative 
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Fig. 3. 
Oscillogram of secondary voltage produced by impulse transformer 


potential it must withstand an anode voltage of 
100 kV or more, without allowing any measurable 
current to pass. This requires the highest possible 
vacuum to be maintained indefinitely, a vacuum very 
much better than in commercial valves. It cannot 
be obtained without very thorough degassing of each 
component and again of the complete valve, each 
process at the highest temperature that the respective 
material can stand. On the other hand, it must at 
a moderate positive grid voltage (100-200 volts) allow 
a current of 500-1,000 mA to pass with no higher 
voltage drop than a few kilovolts. 

As can be seen from the photograph, the valve is 
similar to large transmitter valves, with a cylindrical 
electrode system and a copper anode forming part 
of the envelope. Its filament, when fully heated, 
requires 8 volts and 40 amps. The filament is pure 
tungsten wire, as neither thoriated tungsten nor 
oxide cathodes have given satisfaction at such high 
voltages. The grid, which has to carry a consider- 
able grid-current and should not have high secondary 
emission, is also wound from tungsten wire. 





* T should like to express my appreciation for the help given by Mr. Cane 
of the Edison Swan Electrical Co. Ltd., in manufacturing the special switch 
valves vo the design requirements of the General Radiological Co. Ltd. 
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Fig. 4. 
Main Switch Valve 


The choice of the amplification factor for the valve 
is of great importance. A low value facilitates the 
passage of high currents with relatively low positive 
grid voltage and grid current, but it requires a very 
high negative grid-voltage for the complete cut-off. 
The valve was ultimately made with an amplification 
factor of about 180, and complete cut-off at 100 kV 
was reached with --630 V on the grid, while, at a 
positive grid voltage of 1830 V (and 80 mA grid 
current) 500 mA could pass through the valve at a 
drop of approximately 3 kV. In fact, both the 
negative and positive voltage sources were chosen 
considerably higher than these values. The main 
dimensions of the valve are: overall length 300 mm., 
maximum diameter 110 mm., outside diameter of 
copper anode 75 mm. . 

The auxiliary switch-valve, too, had to be designed 
specially, as no suitable valve was to be found on 
the market. As its anode voltage does not exceed 
2,000 V, a thoriated cathode could be used, requiring 
14 V and 4 A. The amplification factor had to be 
chosen at the relatively low value of 14 in order to 
allow an anode current of 120 mA to go through it 
at a voltage drop of approximately 350 V at zero 
grid voltage. It will be remembered that the valve 
is always working at negative or zero grid voltage. 
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QOscillogram of voltage and current of X-ray tube (40 frames per 
second) 


The oscillogram of Fig. 5 shows the working of the 
electronic switching system. It was made on a 
Cossor double beam cathode-ray oscilloscope, which 
for this purpose had to be used directly in the u.T. 
circuit, its current supply being taken from a highly 
insulated 1:1 transformer and all its controls adjusted 
by means of long insulating rods. Single stroke tech- 
nique was thereby used. The number of frames/ 
sec. was in this case as high as 40. The short straight 
lines represent the intervals during which tube volt- 
age and current were zero, the two other broken lines 
are tube voltage and current during the exposures. 
The voltage line is perfectly straight, while the 
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current line shows waves with a frequency of 100 c/s.; 
this is a consequence of the tube being heated by a.c., 
so that the filament temperature undergoes corre- 
sponding slight changes during each half-cycle of 
mains voltage. 


Ciné-radiographic Equipment at Manchester University, 
Department of Anatomy (Prof. Mitchell) 


A ciné-radiographic equipment, designed and con- 
structed on the principles that have been described 
above, was installed in the Department of Anatomy 
of Manchester University in 1949. 

The ciné-radiographic equipment had to be used 
in connexion with a previously installed conventional 
four-valve X-ray apparatus for voltages up to 100 kV 
and tube currents up to 400 mA. The ciné-radio- 
graphic unit had to be so designed and connected to 
the existing apparatus, that the change-over from 
normal radiographic work to ciné-radiography should 
be possible without any alterations on the generator 
or control-table. 

The number of frames was to be between 4 and 
82/sec., and the makers of the camera, Messrs. W. 
Vinten, Ltd., succeeded in making a film-transport 
mechanism which requires only 25 per cent of the 
total time for the transport, so that 75 per cent was 
available for the exposure itself. 

The maximum voltage should be 100 kV, both for 
ordinary radiography and ciné-radiography, but, 
while ordinary exposures could be made with tube 
currents up to 400 mA, cinéradiography should be 
made with currents up to 200 mA only. Higher 
currents are indeed undesirable for ciné-radiography, 
because the load which can be supported by the tube 
would only allow a very limited number of frames. 

Besides conventional radiography, observation on 
the fluorescent screen and ciné-radiography, special 
provision was made for what is called ‘‘serial 
exposures”’, that is, exposures following each other 
automatically at intervals which can be adjusted 
between two and fifty seconds. 

The principal parts of the equipment are: 

1. The four-valve u.t. generator of normal design 
for a maximum of 100 kV peak and a maximum 
current of 400 mA; 

2. The switch-table, containing the necessary 
control equipment and measuring instruments. It is 
the normal control-table as used for ordinary radio- 
graphy, apart from a few slight modifications. A 
three-position switch does the change-over from 
normal radiography to ciné-radiography and serial 
exposures; 

3. The additional ciné-radiographic unit, compris- 
ing the whole electronic switching equipment and the 
H.T. smoothing capacitors; 

4. The ciné-camera unit, including the camera, the 
fluorescent screen and the tunnels connecting them; 

5. Accessories, such as the special timer unit for 
serial exposures, a 24 V Nife battery with tappings 
supplying current for the two camera-motors, etc. 


The Additional Ciné-radiographic Unit 


This unit is contained in an oil-filled tank, 40 in. 
long, 20 in. wide and 24 in. high. On one of the long 
sides of the tank is fixed a panel with those parts 
of the equipment which are not at high potential, 
such as a number of relays, a rectifier (24 V) supply- 
ing the primary current for the impulse transformer, 
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the filament resistance for the main switch-valve 
(which has a separate filament transformer) and a 
number of other parts. It is connected by a flexible 
‘‘snake”’ to the H.T. generator and by a cable to the 
camera unit, while another cable of 13 leads connects 
it to the interior of the oil tank. 





Fig. 6. 
Ciné-radiographic unit in horizontal position 


The oil tank contains the two H.T. smoothing 
capacitors, the main switch-valve in a special cylin- 
drical casing, seven transformers, insulated to stand 
60 kV between primary and secondary coils (among 
them the long-impulse transformer) and a removable 
frame supported from the top and containing the 
auxiliary switch-valve, the amplifier valve and the 
rectifier units for the three voltages (compare Fig. 1). 
After loosening a few screws this frame can be 
lifted out of the oil for inspection; a flexible cable 
connects it to the rest of the equipment inside the 
tank. In a similar way the main switch-valve can 
also be taken out easily for inspection or replacement, 
Two shockproof u,tT. cables connect the tank to the 
generator and another two to the X-ray tube. 

The capacitors have a capacitance of 0.2 micro- 
farads each or 0.1 microfarad in series connexion and 
can stand 60 kV each or 120 kV in series. Each has a 
safety resistance of 1,000 ohms and a discharge 
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resistance of 150 megohms, which discharges them 
below the danger point within four minutes. They 
provide practically perfect smoothing for currents up 
to 200 mA (the maximum used for ciné-radiography). 


The Ciné camera Unit 

The purpose of the apparatus is to record on 
standard 35-mm. film ciné-radiographic exposures at 
the rate of four to thirty-two frames per second and 
serial exposures, i.e., exposures following each other 
automatically at intervals adjustable between two 
and fifty seconds. 

Figs. 6 and 7 show the unit ready for use together 
with the X-ray tube in horizontal and _ vertical 
position. The X-ray tube is quite independent from 
the camera, as it is also used for ordinary radio- 
graphic work. It is fixed in the usual way on a 
vertical column running between a pair of rails in 
the floor and on the ceiling. The camera unit hangs, 
quite independently of the tube, from the ceiling and 
can be adjusted to different heights as well as to 
inclinations varying from horizontal to vertical. It 
consists of a large tunnel of square cross-section and 
slightly conical shape, directly connected to the 
ceiling support, the camera itself and a set of three 
smaller tunnels of different lengths, one of which is 
always inserted between the large tunnel and the 
camera. The fluorescent screen is fixed to the other 


Fig. 7. 
Ciné-radiographic unit adjusted for vertical operation 
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Fig. 8. 
Cir é camera opened to show transport mechanism 


end of the large tunnel. The choice of three different 
distances between screen and camera makes _ it 
possible to have a full-size image on the 35-mm. film 
for various sizes of screen images. 

The ciné-camera itself is of special design and was 
made by W. Vinten, Ltd., of London. It is fitted 
with a Cooke coated radiographic lens of f 1 aperture 
and 2.25 in. focal length. The lens is fitted in a 
focusing mount, the flange of which is engraved to 
give preset focusing for each tunnel. 

The camera itself (Fig. 8) is designed as usual 
with the exception that a special film transport 
mechanism is used in order to speed up the moiicn of 
the film. The ratio of stationary time to moving 
time is as high as three to one, and the shutter has 
consequently 270° light sector and 90° dark sector. 
The camera is driven by a 24 V p.c. motor fed from 
an accumulator battery, the adjustment of speed 
being made through tappings on the battery and for 
fine ‘adjustment by a rheostat. 

Fitted to the side of the camera is the interrupter 
in the shape of a face-type commutator, which 
rotates in synchronism with the film transport 
mechanism and the shutter and provides, as described 
earlier, the impulses for the electronic control of the 
individual exposures. It works on 24 V D.c., sup- 
plied by a rectifier unit. 

When the camera is to be used for serial exposures, 
the motor has to be replaced by another moior fitted 
with a magnetic clutch, which, when energized, 
allows the shutter and rotating interrupter to make 
one complete turn, during which the film is trans- 
ported by one frame. The exposure is initiated by 
the rotating interrupter and the long-impulse trans- 
former immediately the film has come to rest after 
the transport. 

The impulses which energize the clutch are derived 
from a serial timer of the kind used for the auto- 
matic production of successive aerial photographs. A 
special contact on this timer is used to switch on the 
motor for the tube’s rotating anode a few seconds 
before each exposure; immediately following the 
close of the exposure the anode is again brought to 
standstill until the next exposure. The length of 
each individual exposure can be adjusted in quite the 
same way as for normal radiographic work. 
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port Coincident with the preparation of Dr. Quittner’s article the following 
aR . description of a new production ciné-radiography equipment was received 
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tted New British Ciné-radiography Equipment 
= (Communicated by the General Electric Co., Ltd.) 
‘ans- 
1 by fo Bes introduction by Watson & Sons (Electro- synchronous mechanical switching device which re- 
beats Medical) Ltd., (an associated company of the duced the voltage applied to the tube during the 
fter G.E.C.) of a new high voltage equipment for the periods when the camera shutter was closed. 
: making of cinematographic X-ray films has placed Although this apparatus has been used for much 
ived Britain in the fore-front of X-ray technology. useful work, its design had some serious limitations. 
uto- The history of the new achievement started in the The patient could only be radiographed in an upright 
s. A years 1935-37, when Watson & Sons, in conjunction position; the equipment was cumbersome and had to 
the with Dr. Russell J. Reynolds, produced the first ciné- be operated in complete darkness. This was due to 
onds radiography equipment. This equipment was _ the long focal length of the lens used, a Zeiss Biotar, 
the arranged to take cineradiographs by the indirect specially developed for the work and with an aper- 
t to method (photography of a fluorescent screen) using ture of f0.85. 
h of 16 mm. film and a 10 kilowatt stationary-anode X-ray With the X-ray tubes then available this aperture 
the tube. In order to minimize the exposure of the was the minimum which could be practicably used, 
patient to X-rays, the apparatus was fitted with a and because of its small acceptance angle, a long focal 
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New British Ciné-radiography Equipment—Continued 


length (58 mm. to cover 16 mm. film) was unavoid- 
able. This necessitated the camera and fluorescent 
screen being mounted on separate stands to secure the 
correct reduction ratio, and so led to operating in 
darkness. Other disadvantages were poor definition 
and “‘ grainy ”’ films arising from the need to use a 
highly sensitive emulsion. 

The new Watson equipment, however, is a great 
improvement on the early instrument and uses a 
rotating anode X-ray tube energized at 120 kV, 400 
mA, in conjunction with a specially designed 35 mm. 
ciné camera fitted with an f1.5 Taylor-Hobson lens 
of 4 em. focal length. The high voltage generator 


has an electronic switching device, by means 
of which the X-ray 
tube is only energized : 





during the time that the 
camera shutter is open. 

The speed of the ciné 
camera can be adjusted 
from 3} to 50 frames a 
second in submultiples of 
the a.c, mains frequency, 
the driving motor being 
of the synchronous type. 

Film loading and un- 
loading is in daylight. 
T he unexposed film 
magazine holds 400 ft. of 
film, and the exposed 
cassette up to 20 ft. The 
latter length is ample for 
making endless loops, in 


which form cineradio- 
graphs are usually 
examined. 

The X-ray tube, to- 


gether with the fluores- 
cent screen and_ ciné 
camera, are arranged on 
a balanced arm mounted 
on a floor pedestal, and 
the tube, screen and 
camera assembly are 
mounted so that they can 
be rotated, and radio- 
graphy carried out in 
any position from the 
vertical to the _hori- 
zontal. The equipment 
is designed for use at 
focus-to-screen distances of 24, 36, 42 and 48 inches 
and the camera is arranged so that various 
sizes of fluorescent image can be photographed, which 
is analogous to using different sizes of cassettes in 
normal radiography. The camera, screen and tube 
assembly is adjustable to various heights from the 
floor by a simple hand-wheel adjustment and can be 
rotated about its axis by means of motor drive con- 
trolled by a press button. 

A simple couch is provided by which radiography 
with the patient prone can be carried out. Also a 
rotating platform is fitted by means of which the 
patient can be rotated during radiography. 


The X-Ray Tube is mounted in the housing on the patient’s 

right and the fluorescent screen is housed on her left. 

the fluorescent screen, at the far end of the bellows is the 
precision 35mm. cinema camera 


To enable the radiologist to position the patient 
correctly, means are provided for visual inspection of 
the fluorescent screen through an aperture which is 
self-closing, so that no light can enter during the time 
when the image is being photographed. 

Control of the equipment, once the patient has been 
placed in position, is from a separate control unit. 
The initial operation is to close a hand switch which 
brings in a preparatory circuit, energizes the rotating 
anode of the X-ray tube and the camera motor. Then 
after a three second delay period during which time 
the camera is parsers de | the X-ray tube anode 
runs up to speed and the tube and rectifier valve fila- 
ments are fully heated, an exposure button will 

control the exposure 
r £ ee in conjunction with the 
synchronous timer, which 
is set for the total dura- 
tion of the exposure re- 
quired. The automatic 
contacts built into the 
camera will then take 
charge during the expo- 
sure period and arrange 
for the X-ray tube to be 
energized only during 
those periods when the 
camera shutter is open. 
Besides reducing the X- 
ray dose to the patient 
this also reduces the 
power dissipated in the 
tube and enables higher 
loadings to be _ utilized 
without fear of tube 
failure. 

For use at extremely 
slow film speeds, e.g., 
those used for viewing 
slow movements of the 
body, the X-ray expo- 
sure can be arranged to 
occupy any proportion of 
the shutter-open period. 
This is done by means of 
a subsidiary timing con- 
trol in the electronic 
contactor circuit. 

If desired, the camera 
and timing and_= syn- 
chronizing equipment can 
be switched out -of use and radiographs made 
on large size films by the usual still-radio- 
graphy technique. In this case the synchronous 
timer of the equipment will determine the length of 
exposure. 

The entire apparatus is designed for use on 200/ 
260 volt 50 c/s. single-phase mains or may be 
operated in conjunction with an additional step-down 
transformer or static balancer from three-phase mains 
or high voltage single-phase supplies up to 500 volts. 
Power consumption is about 1 kW when idling 
— 20 kW (average) when exposures are being 
made. 





Beyond 


September, 1950 


ak 






Sis 





And rR DR AT ae 


Lene 











1950 


tient 
on of 
ch is 
time 


been 
unit. 
hich 
iting 
Then 
time 
node 
fila- 
will 
sure 
the 
hich 
ura- 
; re- 
atic 
the 
take 
Kpo- 
inge 
> be 
rin 
the 
pen. 
7. 
ient 
the 
the 
rher 
ized 
ube 


1ely 


ing 
the 
‘po- 


1 of 
od. 
s of 
on- 
nic 


era 
yn- 
ran 
ade 
lio- 
ous 


of 


10 / 
be 
wn 
ins 
Its. 
ing 
ing 





SSB Laer 


a 








September, 1950 


Electronic Engineering 


371 


Precision A.C. Voltage Stabilizers 


By G. N. PATCHETT, Ph.D., B.Sc.(London), A.M.1.E.E., M.I.R.E. 
(Bradford Technical College) 


Part | 


To are many instances where a source of 
constant voltage is required. With direct current 
this can be obtained from storage batteries, but these 
are costly and require continual maintenance. These 
difficulties can largely be overcome by the use of 
stabilizers and many articles and circuits have 
appeared,’* varying from simple circuits of limited 
accuracy, to circuits capable of giving extremely 
constant output voltages. A number of stabilizers 
based on these circuits are available commercially. 


With alternating current there is no equivalent to 
the storage battery and some type of stabilizer has 
to be used, either correcting the normal a.c. supply 
or controlling a motor alternator. Good results may 
be obtained from the latter,”” but the equipment is 
costly and bulky. On turning to the former type, 
one finds many published circuits and commercial 
instruments of stabilities of the order of one-half to 
1 per cent,’ but very little information is available 
on instruments having output voltages constant to 
within 0.1 to 0.01 per cent. 

As far as is known, no such instruments, of large 
power output, giving these high stabilities have been 
available commercially in this country. The subject 
of p.c. stabilizers and of the lower accuracy type ot 
a.c. stabilizer has recently been considered in detail‘ 
and, therefore, the author will concentrate on pre- 
cision A.c. stabilizers having output voltages constant 
to the order of 0.01 per cent. 


Types of Stabilizer 

Stabilizers may be divided into three main classes 
as follows :— 

Type A—corrects for changes of input voltage, but 

not for changes of load. 

Type B—corrects for changes of load, but not for 

changes of input voltage. 

Type C—corrects for changes of load and for 

changes of input voltage. 

A type C stabilizer can be formed by a combination 
of types A and B, but any also be constructed 
independently. A type C is by far the most useful 
and the type generally required. 


Requirements of a precision A.C. Stabilizer 


Accuracy of maintenance of output voltage 
This can be divided into two classes :— 


(a) Short period stability, i.e., over a period of 
minutes due to changes in input voltage and/or load. 
This may be divided into 


(1) Changes due to changes in input voltage. This 
is usually expressed as dvo/ dv: where vo is the 
output voltage and vu: is the input voltage. 
This has been called the regulation factor ‘‘S’’ 
by Hill.” The inverse is usually termed the 
‘stabilization ratio’’. 


(2) Changes due to changes of load. This is 
expressed as dvo/dto where io is the output 
current. This corresponds to the internal slope 
impedance Zi. 


(b) Long period accuracy, i.e., over a period of 
hours due to changes in ambient temperature, 
vibration, ageing of components, etc. It is impor- 
tant to note that a badly designed stabilizer may 
actually produce larger changes in output voltage 
than those of the supply. 


Time of Response 


In a v.c. stabilizer it is not difficult to make the 
response time practically zero. In a.c. stabilizers it 
is possible to maintain either the R.M.s., mean or 
peak voltage constant, but since these are not instan- 
taneous quantities, but ones that can only be 
measured once per half cycle, it follows that it is 
impossible to make the response time of an a.c. 
stabilizer zero. It is usually desirable to make the 
response time as small as possible, say one or two 
cycles. 


Distortion 


For many applications it is desirable that the 
stabilizer output be as near sinusoidal as possible and, 
in general, the harmonic distortion should be kept 
below, say 1 per cent. 


Input Frequency 


It is important that the stabilizer should operate 
correctly over the normal range of frequency (say 
48 to 52 c/s) and that the output voltage should not 
change with change of frequency. This is a common 
defect of the simpler type of stabilizer depending on 
saturated transformers. 


Output Power 


The cost and complexity of a stabilizer generally 
increases with increase in the power output, but there 
are a number of cases where considerable power (4 
to 1 kVA) is required. 


Range of Input Voltage 


In most cases the cost of a stabilizer increases as 
the range of input voltage over which it must operate 
is increased, the ‘‘ size ’’ of the stabilizer being deter- 
mined by the product of the output current and the 
range of input voltage over which the stabilizer will 
operate. The range of input voltage over which the ~ 
stabilizer must operate will depend on the nature of 
the supply and on the use to which the stabilizer is to 
be put. 


Operation 


The stabilizer should be completely automatic and 
should not require to be operated by skilled per- 
sonnel. It should not be damaged & reasonable 
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changes in the input voltage and failure to stabilize 
should be clearly indicated. 


Principle of a Voltage Stabilizer 


A voltage stabilizer consists essentially of two 
parts, the ‘‘ indicator ”’ whose function is that of de- 
tecting a change in voltage and the “ controller ”’ 
whose function is that of correcting the input volt- 
age. These may each be placed in one of two posi- 
tions which will now be considered. In order to 
explain the importance of the position of the indicator 
a term called the ‘‘ stabilizer amplification ’’ ‘‘ M ”’ 
is introduced, which is dvco/dv where veo is the volt- 
age across the controller (or the change of output 
voltage produced by the controller) and v is the volt- 
age input to the indicator. 

Position of the Indicator 


(a) Across the input to the stabilizer. 
shown in Fig. 1(a) from which it is seen that : 


dvi = dvco + dvo 


This is 


but, from the definition of the stabilizer amplifica- 


tion : 

dvco = M.dvi 
therefore dvi = M.dvi + dvo 
from which the regulation factor S is: 
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Position of indicator in a stabilizer. !—indicator, C--controller 


The advantages and disadvantages of this position 
are: 
Advantages :— 

(1) The stabilizer amplification required is small, 
being unity. 

(2) The regulation factor S can be made exactly 
zero by making M exactly unity. 


(3) Since changes produced by the controller are 
not fed back to the indicator ‘‘ hunting ’’ cannot 
occur. 


Disadvantages :— 


(1) The regulation factor depends directly on the 
stabilizer amplification M. If M changes 10 per cent 
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from unity to 1.1, then S becomes 0.1 instead of zero. 
Not only must M be unity at one particular voltage, 
but it must remain constant over the whole working 
range and must not change with changes in ambient 
temperature or age. It is also desirable that it should 
remain the same with various loads, as otherwise 
some adjustment must be made every time the load 
is changed. These requirements are difficult, if not 
impossible, to realize in practice. 


(2) No correction is made for load changes and the 
arrangement therefore produces a type A stabilizer. 
The “ regulation ’’ will be worse than that of the 
supply due to the impedance of the controller. 

(3) The response time is that of the indicator. 

This position of the indicator has been used by 
Glynne” in an a.c. stabilizer. 

(b) Across the output of the stabilizer as shown in 
Fig. 1(b) where as before 


dvi = dveo + dvo 
but now 


dvco = M.dvo 


dvi = M.dvo + dvo 
and the regulation factor S is 
dvo _ 1 
' 1+M 
It is obvious that S is decreased by increasing M. 
The advantages and disadvantages of this position 
are : 


therefore 


dv: 


Advantages :— 


(1) The regulation factor is not affected by normal 
changes in the stabilizer amplification M, so long as 
this is large, a condition which is normally satisfied 
in order to get a sufficiently low value of S. If M is 
normally 99 then S = 0.01, but if M changes 10 per 
cent to 89.1 then S is still only 0.01109. This should 
be compared with the case of the indicator across the 
input. 

(2) The arrangement corrects for changes of output 
voltage due to changes of-load as well as for changes 
due to variations of input voltage, i.e., it forms a 
type C stabilizer. 

(3) Owing to feedback action the response time of 
the stabilizer may be much less than that of the in- 
dicator alone. 


Disadvantages :— 

(1) For a low regulation factor a high value of M 
is required. It is often stated that with this arrange- 
ment it is impossible for the output voltage to remain 
constant as some change must take place in order to 
operate the controller. This is not really true when 
the special indicator to be described later is used. 


(2) Since variations produced by the controller are 
fed back to the indicator there is a possibility oi 
hunting, but this can be taken care of in the design. 

A compromise between the two positions has been 
made in pD.c. stabilizers by using two indicators,”?™ 
one in each position when it can be shown that: 

i. 1— M. 

1+ M: 
where Ms: is the stabilizer amplification of the indica- 
tor connected across the input and M: is the stabilizer 
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amplification of the indicator connected across the 
output. This does not appear to have been attempted 
in A.c. stabilizers. 

In view of the difficulties of maintaining a constant 
value of M as required if the indicator is placed across 
the input, and due to the fact that a type C stabilizer 
is much more useful, the best position for the indica- 
tor appears to be across the output of the stabilizer. 


Position of the Controller 


The controller can be placed in one of two positions 
as shown in Fig. 2, either in series with output or 
across the supply, together with a series impedance 
Z. If the change of input voltage over which the 
stabilizer must operate is du: and the output current 
is io then the power or volt-ampere output of the con- 
troller in position (a) is dvi. or, if the controller 
bucks and boosts by the same amount, 3} dvi.t. 
The volt-ampere output of the controller in position 
(b) is, in general, greater and it has the following dis- 
advantages : 

(a) The output voltage must usually be less than 
the input voltage. 

(b) The sum of the currents taken by the load and 
the controller must be approximately constant so 
that full load current is continually consumed from 
the supply. 

The indicator and controller will now be considered 
in detail. 














for — 

Vj \ 
INPUT OUTPUT 
@ 

Vj Vo 
INPUT OUTPUT 
() 

Fig. 2. 


Position of the controller 
l—indicator, C—controller 


The Indicator 


The indicator is the most important part of a pre- 
cision stabilizer since the accuracy is directly depen- 
dent on it. If it is placed across the output of the 
stabilizer it is also the only part of the. stabilizer 
which controls the accuracy to any great extent. The 
requirements may be summarized as follows: 

(a) The ratio of the change of output voltage to 
change of input voltage should be as large as possible, 
This will be termed the ‘“‘ figure of merit” of the 
indicator. 

(b) The balance voltage of the indicator should re- 
main constant independent of reasonable changes in 
ambient temperatures, normal vibration and time. 


F 
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(c) The response time should be small, particularly 
if placed across the input to the stabilizer. 

(d) The harmonic voltages produced by the bridge 
at the balance voltage should be small. 

In D.c. stabilizers it is common practice to compare 
the unknown voltage with a battery (or other 
reference voltage) and use the difference to operate 
the controller. This idea cannot be used on A.c. as 
there is no A.c. equivalent of the battery. It is 
possible to rectify and smooth the a.c. which may 
then be compared with a battery,” but this has the 
following disadvantages :— 

(a) The rectified alternating voltage must be well 
smoothed as otherwise, when it is compared with the 
battery, a large ripple voltage is produced. 

(b) Owing to the requirements of good smoothing 
the response time tends to be large. 

(c) The rectified a.c. voltage will be proportional 
to the mean or peak value and not the r.M.s. value. 
For many purposes it is desirable to maintain con- 
stant the value of the fundamental component of the 
output voltage. The value of the r.M.s. voltage will 
be practically identical for small distortions (1 per 
cent harmonic only altering the R.M.s. value by 0.005 
per cent).This is not the same in the case of the mean 
or peak values where 1 per cent harmonic may change 
the peak value by 1 per cent and the mean value by 
one-third per cent. It is therefore very desirable to 
maintain either the fundamental component or the 
R.M.S. value constant in high precision stabilizers. 


It is therefore more usual and better to use some 
form of voltage sensitive bridge, as shown in Fig. 8, 
consisting of four resistors, 71, 7, 7 and m. To make 
the bridge voltage sensitive, at least one of these 
resistors must be made non-linear, i.e., composed of 
a material of which the resistance changes with the 
applied voltage. The theory and design of such non- 
linear bridges has been dealt with in detail by the 
author.” 

A number of non-linear devices are available, but 
those which are instantaneous in action (e.g., Metro- 
sil, copper oxide and selenium rectifiers) cannot be 
used as the indicator would then “follow” the varia- 
tions during the cycle, and produce a large unwanted 
voltage which would completely obscure the balance 
point. The following devices may be used :— 

1. Lamps (tungsten and carbon filament). 
2. Barretters. 

8. Saturated diodes. 

4. Thermistors. 


In all the above devices the non-linear action is 
brought about by temperature and there is, there- 
fore, a lag in the change of resistance (or emission) 
following a change of voltage. When used on A.c. a 
small cyelical variation in temperature occurs which 
results in cyclical changes in resistance and an 
unwanted voltage output from the bridge which is 
not removed by the normal balancing of the bridge. 
This unwanted voltage is extremely important and 
it will be shown later that this consists essentially 
of two equal components :— 


(a) A voltage of three times the supply frequency. 


(b) A voltage of supply frequency, but 90° out of 
phase with it. These various non-linear devices will 
now be considered in more detail. 








INPUT OUTPUT 


"4 








Fig. 3. 
Non-linear bridge circuit 


Lamps 
Figure of merit 


The characteristics of lamps as applied to the non- 
linear bridge operating on pD.c. have already been 
considered in detail by the author,” where it is shown 
that, over a limited range of voltage, lamps obey the 
law V = k.I" where k and n are constants depending 
on the type and size of lamp. It has been shown 
that the best practical arrangement is two tungsten 
filament lamps and two linear resistors (a slightly 
better result is obtained by replacing the linear 
resistors by carbon filament lamps, but these are now 
difficult to obtain). For this arrangement the figure 
of merit” is :— 

co! 
n+1 


Since the maximum value” of n is about 2, obtained 
by using tungsten filament gasfilled lamps, this 
results in a maximum figure of merit of 0.83. This 
is small, but what is even more important is the ratio 
of the wanted to the unwanted voltages. 


Unwanted Voltages at Balance 


The next item to be considered is the magnitude 
and nature of this unwanted voltage. This will be 
considered in some detail as the theory applies in a 
general way to all of the non-linear devices which 
depend on temperatures for their non-linear property. 
The methods of eliminating these voltages is also 
similar in all cases. The problem of the fluctuations 
in the temperature of the filament of a lamp appears 
to have been attempted in the first place by Ebeling” 
in 1908. Modified calculations and results have been 
given by Corbino,” Langmuir,“ Smith and Bigler,” 
Kurth” and others. All these authors refer to lamps 
operated directly off a.c. and not in series with a 
resistor as in a lamp bridge circuit and therefore 
cannot be used directly. In order to simplify the 
analysis, the author has restricted the work to a 
bridge composed of two similar lamps and two linear 
resistors having the same resistance as the lamps. In 
the appendix is given the derivation of the expres- 
sion for the unwanted voltage. For the case of 
normal lamps this is shown to be :— 


eo = E.[sin (t —7/2)—sin (8t—7 /2)] 


(2 + 1/m—ns) 
K;.« ° 


(1/m:—ns —1) 





where Ex = 


Ki.c.m.o© 


64(2V 2) 


and E is the bridge voltage, » = 27f and m, m, Ks, 
K,, c and m are constants. 
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The expression shows that two equal voltages are 
produced, one of supply frequency but 90° out of 
phase with the supply, and the other of three times 
the supply frequency. 

TABLE | 
VALUE OF THE CONSTANTS FOR 230 VOLT LAMPS 












































cm. 
Lamp a B nm; ns K, K, m joules 
gms. a 
Tungsten 
ISW Vac. 1.06 | 4.7 | 1.63 | 0.34 0.0023 | 290 | 0.0025 | 0.0004 
25W Vac. 1.06 | 4.3 | 1.63 | 0.36 | 0.0037 | 260 | 0.0056; 0.0009 
Gasfilled 
Single 
Coil 
40W 1.06 | 2.5 | 2.00 0.012 400 | 0.0047 | 0.00075 
60W 1.06 | 3.0 | 2.00 | 0.29 | 0.017 370 | 0.0100 | 0.0016 
100 W 1.06 | 3.1 | 2.00 0.027 420 | 0.0203 | 0.0033 
Coiled Coil 7 
40Ww 1.06 | 3.6} 1.82 | 0.25 | 0.0085 | 450 | 0.0072; 0.0012 
60W 1.06 | 3.41 1.82 | 0.23 | 0.0131 | 490 | 0.0131 | 0.002! 
Carbon 
Filament 
16 c.p. —0.46 | 3.5 | 0.785 | 0.66 | 0.00024 | 45.7 | 0.0022 | 0.0032 
32 c.p. —0.40 | 3.4; 0.785 | 0.68 | 0.00052 | 42.7 | 0.0085 | 0.013 











The value of the constants” which were obtained 
experimentally are given in Table 1. These are for 
a lamp voltage of 100, but they do not vary rapidly 
with voltage. By examination of the above the 
following conclusions may be obtained :— 


(1) The amplitude of the voltages increases with 
the voltage E since 2 + 1/n:—ns is positive, being 
approximately 2. 


(2) Increasing the lamp wattage increases c and m 
more than K: and therefore Eu is decreased. 


(3) Gasfilled lamps of the same wattage = a 
value of E. that is larger than for vacuum lamps, 
single coil being larger than coiled coil. 

(4) Carbon filament lamps give a small value of 
E. since o and K; are reduced and c¢ and m are 
increased. The unwanted voltage is also of opposite 
phase since © is negative. 

(5) Increasing the frequency decreases the value of 

A typical experimental waveform of this unwanted 
voltage is shown in Fig. 4 which can easily be shown 
to consist of a fundamental and third harmonic of 
equal magnitude as given by the above expression. 


OUTPUT 


INPUT 





Fig. 4. 
Unwanted voltage output of a lamp bridge 


A number of experimental results of the magnitudes 
of the unwanted components are compared with the 
calculated values (using the constants given in 
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Table 1) in Table 2. Considering the complexity ot 
the problem and the possible experimental errors, the 
results are in good agreement and the general results 
stated earlier are confirmed. 


It is seen that the unwanted voltage is by no means 
negligible, the effect being to obscure the balance 
point of the bridge, since a small in-phase component 
will have little effect on the mean or R.M.S. value of 
the bridge output voltage. Considering a typical 
example of a bridge using 40 watt, single coil, gas- 
filled tungsten filament lamps at a bridge voltage ot 
200 volts, the value of Eu is 1.2 volts. The figure of 
merit will be 0.33 and therefore a 1 per cent change 
in the input voltage will cause an in-phase component 
of 0.6 volt R.M.s. or 0.85 volt peak. This is less than 
the unwanted voltage and a comparatively large 
change in bridge voltage has been assumed. If the 
indicator is placed across the output of the stabilizer 
the likely change is more of the order of 0.01 per 
cent or less, giving a wanted voltage output from 
the bridge of 0.0085 volt peak or 1/140th of the 
unwanted voltage. It is obvious that it is extremely 
difficult to detect this small wanted voltage in the 
presence of the unwanted voltage. 


it is surprising how many authors have used this 
lamp bridge on A.c., but make no mention of this 
unwanted voltage. Graff" gives a graph showing the 
output voltage dropping to zero at balance and 


TABLE 2 
MAGNITUDE OF UNWANTED OUTPUT VOLTAGE 
(a) Variation of Wattage and Type of Lamp 
Bridge Voltage, 200 r.m.s., 50c/s., 230 volt lamps 


























Eu (volts) 
Lamp K 1K 
degrees| Calcu- | Expt. 
lated 

Tungsten fil., 15 watt 

vacuum... soe 0.05 19.8 87 0.79 0.75 
Tungsten fil., 25 watt 

vacuum... das 0.034 29.4 88 0.60 0.57 
Tungsten fil., 40 watt 

gasfilled single coil 0.042 23.7 87} 1.27 1.20 
Tungsten fil., 60 watt 

gasfilled single coil 0.036} 27.5 88 0.92 0.79 
Tungsten fil., 100 watt 

gasfilled single coil 0.029 | 34.9 88} 0.69 0.63 
Tungsten fil., 40 watt 

gasfilled coiled coil 0.030} 33.8 88} 0.76 0.69 
Tungsten fil., 60 watt 

gasfilled coiled coil 0.024; 41.4 884 0.65 0.57 
Carbon fil., 16 c.p. ... —0.002' —500 90 0.18 0.19 








(b) Variation of Voltage 230 volt, 25 watt Vacuum Tungsten 
Filament Lamp 








Bridge Voltage Eu (volts) 
(r.m.s. volts) Calculated Experimental 
100 0.12 0.16 
150 0.31 0.31 
200 0.60 0.56 
250 0.97 0.97 
300 1.47 1.30 
350 2.06 1.90 
400 2.72 2.54 








230 volt, 40 watt, Single Coil, Gasfilled Tungsten Filament Lamp 

















Bridge Voltage Eu (volts) 
(es ERNE Calculated Experimental 
100 0.27 0.38 
150 0.66 0.85 
200 1.25 1.20 
250 21 4 
300 3.2 2.7 
350 4.4 3.6 
400 54 45 
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230 volt, 16 c.p. Carbon Filament Lamp 














Bridge Voltage “e sommes 
(r.m.s. volts) Calculated | Experimental 
200 0.18 0.19 
300 0.55 0.51 
400 i 1.07 








Weinland,” Benson,” Campbell,” Hull" and Austin 
and Cooper” have used the circuit without mention 
of this difficulty. Gulliksen®™ describes a “‘monitor’’ 
which is claimed to have an accuracy of 0.1 per cent, 
but he does not mention the unwanted voltages which 
must be about ten times his wanted voltage. In the 
discussion to reference 88, La Pierre refers to the 
second harmonic output, but it is shown that this is 
not present. Turner” refers to these unwanted out- 
put voltages, but gives wrong reasons for the cause 
of the output, both the fundamental and third har- 
monic. Glynne”™ is the only author to deal in any 
detail with this unwanted voltage. He obtains an 
expression: similar to that of the author’s, but a 
number of approximations are made in his proof 
which he does not justify :— 

(a) It is assumed that the bridge current is sinu- 
soidal, whereas it may contain up to 8 per cent 
harmonic. 

(b) The instantaneous rate of heat production is 
taken as equal to 7’.r and r is assumed constant. This 
cannot be true, or there would be no unwanted 
output. 

(c) It is further assumed that the rate of heat loss 
is constant. In typical cases this varies by as much 
as 15 per cent. 

Although, in the case of normal lamps, these 
approximations appear to make little difference, they 
should be justified. It should also be noted that in 
the result given by Glynne, (¢), the temperature co- 
efficient, is not a constant but Varies with the 
operating temperature, being the temperature co- 
efficient referred to 1 ohm at the mean temperature 
and not to 1 ohm at 0° C. 

As would be expected, and as mentioned by Glynne, 
there is a connexion between the _ incremental 
response time” and the magnitude of the unwanted 
voltage. 

Ea 
E. x Incremental Response Time = a. 
For a given type of lamp and operating frequency the 
product is proportional to E. This means that for 
a given incremental response time Ex is the same 
percentage of E so that the ratio of wanted to 
unwanted voltages remains constant. 

It now remains to investigate methods of eliminat- 

ing these unwanted voltages. 


Appendix 


Magnitude of the unwanted voltage of a bridge composed 
of two equal resistors and two similar lamps having the 
same resistance. 


Let the bridge be supplied with a sine wave voltage 
E.sin.ot. It has been shown” that over a limited 
range of temperature :— 

m = ro (T/T.)*and pi = po (T/T)4 
where ro and r: = the resistance of the lamp filament 


at temperatures T.° C. and T° C. 
respectively, 
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po and pi = power loss from the lamp filament 
at temperatures To” C, and T° C. 
respectively, 


and @ and B are constants. 


Let © be the variation of the filament temperature 
about the mean value T.° C. then T = To + ® 
and ri = ro (1 + 9/7T)@ and pi = po (1 + 9/To)4 
If © is small compared with T. (an approximation 
justified in practice) the above can be expanded by 
the Binomial theorem and accurate results obtained 
by taking only the first two terms, thus:— 


ri = ro (1 + a8 / T.) 
pi = po (1 + BO/Ts) ........ eee (2) 
Suppose the bridge is initially balanced on pD.c. so 
that the filament temperature is To and ro = ri: = the 


resistance of the other arm, m. If the mean tem- 
perature is the same on A.c., then :— 


E . sin +t 














Instantaneous lamp current i: = —--——  ...... (8) 
Ti + T2 
_ —_2: ain vt _ _E. sin et (4) 
rm t+ao(1+00/T.) ro (2+ 00/T.) 
Instantaneous power to lamp wm = 7.7" 
(1 + 20/T.) E’ . sin’ ot 
ro (4 + 406/T. + o°O/T.") 
Since ©/T. is small, o°6"/T.? may be neglected, 
hence w: = _ _ > ie (5) 
4 To 
The general heat equation for the filament is 
Com. GO/dt + pi wi ou... cccccseees (6) 
where c = specific heat of the filament, 
m = mass of the filament, 
wi = power input to the filament, 
pi = power dissipated by the filament. 
Substituting from (2) and (5) 
0B ) E’ sin’ ot 
i) mt) A SS in 
. jar 47. .c.m p-fem ... (1) 
or d9/dt + QO = Dsin’ et-S ............... (8) 
where Q = ges. . 
To.c.m 
EF 
“ik 4fTo.C.m 
if es 
c.m 
The solution is :— 
D ev 
6,% = D _ Qt _-—- —— 
(D/2—S)e*'1Q ~ am 
(sin 2¢t + K cos2t) + Z% o0...0..0...... (9) 


where K = Q/20 = ——P°"- 


20©T.c.m 


Suppose the bridge balanced on p.c. and changed to 

A.c. of the same R.M.S. value (i.e., E = V2 p.c. volt- 

age) * instant when A.c. voltage is zero, then, when 
=0, © =0. 
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Substituting this condition in (9) we obtain Z, and 
the final «quation is :— 
2 wis-Ha-<-1)-—— 
Q . 40 (1+ K’) 


‘ K De-* 
(sin 2 ot + K cos 2 t) + ante 


By substituting for D, S and Q the first term can be 
shown to be zero and the final term is a transient 
term having zero final value. 

The second term gives the fluctuations in filament 
temperature having a frequency of twice the supply 
frequency. Letting 1/K = tan ¢ and neglecting the 
transient terms :— 


ape. ae 
40 V(1 + K’) 

The voltage across the lamp is vi = i: . 71. 
Substituting for 1: and m from (1) and (4) and 


cos (7 + $—2t) ...... (11) 








1 . a’? . 
neglecting T. 
: i 
C= Melia) eines 4- SI OE! 5s. (12) 
Substituting for © from (11) 
‘ EcD 
vi = (E/2) sin +t +3 Tev(+ K) 
[sin (t —¢)—sin (8 of—-¢)] ............... (18) 


The voltage across the resistor r: is :— 

Supply voltage E sin “t—lamp voltage v: 
and the unwanted voltage eu is the difference between 
the voltage across the lamp and that across m, hence: 


ae ETE oa (et—#)—sin (8 o¢—#)] (14) 


Substituting for D 
= 64 ro To como V(1+K’) 
[sin (ot —¢)—sin (8 ot —9%)] .........0..... (15) 
It has been shown that” 
ro = 1/Ks Vi1—1/m 
po = Ks y,ltl/n 
T. = Ki Vi™ 


where V: is the lamp voltage on pD.c. = re 








Cu 


nv 





K;, K:, m and nz are constants. 
Substituting these values 
K,.0.E (2+1/m—ns) 
eu = —_—— 
64 (2V2) (1/m—m—1) K,, cme V(1 + K’) 
[sin (ot —¢)—sin (3 ot —¢)] 
K:B E 1+1/m—ns 
~ 20K =a.) 
20 K. cane yet 
K; B 





where K 


tan ¢ = ove 


For ordinary lamps it is shown (Table II) that 
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Accurate Triggering 
of Multivibrators 


AN interesting aspect of the problem of synchroniz- 
ing multivibrators has arisen in the process of 
recording television programmes on film. The prob- 
lem occurs specifically in the generation of a test 
pattern suitable for determining the ‘right contrast 
in the photographic development of the film. 


One method of finding the correct development that 
has the advantage of being simple in principle is to 
present to the recording camera, either before or after 
the strip is taken, a standard picture or some stan- 
dard pattern. In practice this procedure unneces- 
sarily encumbers the work of the camera operator, and 
the more desirable course is to inject into the channel, 
prior or subsequent to recording, a standard wave- 
form of stepped character corresponding to a 
gradation of vertical stripes. 


It is not difficult to devise in outline a circuit for 
setting up such a waveform. A multivibrator may be 
arranged to provide 10 pulses, for instance, in the 
duration of every picture line, and a counter circuit 
fed with these pulses can be made conveniently to 
generate the stepped waveform from them. The 
multivibrator will be synchronized by the line pulses 
and will be triggered by them every 10th cycle. A 
circuit of this kind has been tried, but it has been 
found to give trouble on account of the large ratio 
between multivibrator frequency and synchronizing 
impulse frequency. For short periods the circuit 
may be set up to function satisfactorily. Longer 
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tests, however, show that it is possible on occasions 
for the multivibrator to drift so that synchronizing 
impulses arrive too late to exert their proper control. 
The start of the stepped waveform is then not co- 
incident with the arrival of a line pulse, but occurs 
at some uncertain time ahead of the line pulse, and 
the gradation pattern accordingly loses its definite 
shape. 

One obvious cure is to stabilize better the supplies 
to the multivibrator. A more feasible way that has 
met with success is to permit the multivibrator to 
drift, so that on occasion it may, in fact, run fast 
of the synchronized impulses. At the same time, as 
a counter measure, the synchronizing impulses are 
modified in a special way so that, if the multivibrator 
has triggered before the arrival of a synchronizing 
impulse, it is first re-set and can in consequence then 
be triggered properly by the synchronizing impulse 
at the correct instant. 


This scheme may be carriéd out by inverting the 
synchonizing impulses and differentiating them so 
that every pulse becomes a pair of pulses of opposite 
polarity. By virtue of this device, should the multi- 
vibrator have triggered ahead of the correct instant 
it is kicked back automatically by the leading pulse 
polarity. By virtue of this device, should the multi- 
vibrator in the correct manner at the right moment. 
If the multivibrator has not triggered prematurely 
it remains unaffected by the leading pulse and waits 
for the arrival of the second pulse to trip it. The 
scheme can be employed in any instance where it is 
required to preset a multivibrator which otherwise 
could not. be correctly controlled by a timing pulse. 


—Communication from E.M.I1., Ltd. 





V(1 + K’*) may be taken as unity and tan ¢ as 
infinity or ¢ = 7/2 with little error, hence (16) 
becomes : — 
a = E.[sin (ot —7 / 2) —sin (3 wt —T | 2)] reer (17) 
K;.a, E(2+1/m—n,) 


64 (2V201/m—m—-1)K, om. 





where Eu = 


(To be continued) 
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Electronic Engineering will be pleased to welcome visitors at Stand No. 15. 


Antiference Ltd. (18) 


A range of television aerials will be 
shown, including the ‘‘ Antex”’ 
Series 2, which has a new mechanical 
design. 

It embodies a new junction unit of 
bakelite, reinforced by aluminium die- 
castings which is a great improvement 
mechanically over the original ‘‘ Antex ”’ 
insulator. All electrical connexions are 
fully enclosed and weatherproof. A 
feature is the provision of rod sealing 
glands which ensure both a watertight 
seal and complete freedom from move- 
ment due to vibration once the rod 
element is screwed into the junction 
unit. The ‘‘ Antex ’’ Mk. 2 is fitted with 

in. diameter anodized aluminium 
alloy rods which provide better per- 
formance than the original model. Four 
models will be available : two with 5 ft. 
cranked masts for chimney or wall 
mounting; one for mounting to a 
wooden mast of any height, and the 
other complete with a 10 ft. aluminium 
alloy mast and chimney lashing equip- 
ment. 

Another feature will be the ‘‘ 2-way ”’ 
Dipole Aerial which is a new light-weight 
and low-priced single dipole for wall 
mounting. It incorporates the Anti- 
ference patent method of aerial rod 
connexion which simplifies assembly and 
erection. Terminal connexions are 
protected by means of a P.V.C. cover and 
the design of the insulator enables the 
aerial to be used in a choice of two 
positions. The mounting bracket is 
reversible and provides for a stand-off 
clearance where required. 

A simple flexible aerial for internal 
mounting in strong signal areas will also 
be exhibited. It comprises a neat 
junction box and two flexible conductors, 
and can be mounted inconspicuously in 
any part of the room. It is suitable for 
use with all types of television receivers 
and cables. A junction box for fitting 
flexible conductor is available separately. 


Antiference Ltd., 
67, Bryanston Street, 
London, W.|1. 


Figures in parentheses refer to Stand Numbers 


Automatic Coil Winder & Electrical 
Equipment Co., Ltd. (26) 


yascs examples of ‘‘ Avo’”’ radio 
television servicing equipment will 
be on view, and the new “‘ Avo ”’ Valve 
Testing Manual which has just been pro- 
duced will be of interest to users of the 
Valve Tester and Valve Characteristic 
Meter. 





A new Universal Bridge, illustrated 
above, will be shown, whilst it is hoped 
to give practical demonstrations of the 
use of various instruments. Also 
exhibited will be the high sensitivity 
AvoMeter, and the Electronic Testmeter, 
Signal Generator and the Electronic Test 
unit working in combination, covering a 
wide range. 

Several different types of coil winding 
machines have been selected for exhibi- 
tion, including a working model of the 
Douglas fully automatic multi-winder, 
which is capable of producing 12 coils 
simultaneously at high speed, and the 
Douglas’ Progressive Wave Winder, 
illustrated right. 


Automatic Coil Winder and Electrical 
Equipment Co. Ltd., 

Winder House, 

Douglas Street, 

London, $.W.1. 


Automatic Telephone & Electric 
Co., Ltd. (41) 


GEYERAL examples of the latest types 
of long distance telephone carrier 
circuit equipment may be seen at this 
firm’s stand, ranging from a four-channel 
portable carrier equipment toa twelve- 
channel terminal similar to that used by 
the British Post Office. (Illustrated 
opposite). 

A great deal of the world’s communica- 
tions traffic is transmitted by telegraphic 
code and whether the medium of trans- 
mission is line or radio, distortions of 
the original signals can easily occur en 
route, resulting in incorrect versions 
being received and time being wasted on 
corrections. An Electronic Regenerative 
Repeater is shown, designed to reform 
distorted teleprinter code signals, which 
can be interposed at any point in a link 
in order to retransmit correctly formed 
characters. This equipment is shown in 
operation receiving heavily distorted 
signals and retransmitting perfectly 
formed characters. In addition, fre- 
quency shift receiving and Transmitting 
Terminal equipment is shown, this 
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equipment being designed to take 
advantage of the great improvement in 
performance which the system of 
Frequency Shift is capable of providing 
over the more conventional on/off 
system. 


Automatic Telephone and Electric Co., Ltd 
Strowger Works, 
Liverpool 7. 


Belling & Lee Ltd. (71) 


HE new ‘“‘Belling-Lee’’ universal 

co-axial plug L.734/P fits all the firm’s 
co-axial sockets and termination boxes, 
and accepts co-axial cables from 5/32 to 
5/16, which covers television feeders for 
domestic purposes with impedances 
from 50 ohms, and including 72 ohm 
semi-air spaced. 

This plug complies with the new 
R.E.C.M.F. draft specification, and the 
component parts interlock in such a way 
as to simplify the fitting of the plug to 
the cable. It is easy to load, as the 
soldering is done before assembly. 

Other exhibits include television 
aerial conversion kits, television demon- 
stration aerials and production samples 
of the B7G valveholder. 


Belling and Lee Ltd., 
Cambridge Arterial Road, 
Enfield, Middx. 
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E. K. Cole Ltd. (11, 53 and 92) 


A" interesting item on this firm’s 
stand will be the Ekcovision Model 
TSC 113, a combined radio and television 
set, shown below. 

The radio unit of this model is a three- 
plus-one superhet with four pre-set 
stations covering three medium and one 
long wavebands. 

The television unit has I8 valves, 
including the cathode ray tube. A 
15-inch tube is used, giving a 137 square 
inch viewing area. The model has a 
consumption of 150 watts. 





Another new item will be a 12-inch 
Console model in an attractive cabinet 
fitted with doors and an aluminized 
tube giving increased brilliance and 
contrast. 

Extension speakers, television pre- 
amplifiers (illustrated right), attenuators, 
indoor aerials and other accessories, will 
also be on view. 

E. K. Cole Ltd., 


Ekco Works, 
Southend-on-Sea, 
Essex. 


A. C. Cossor Ltd. (7 and 52) 


HE Cossor ‘‘ Telecheck ’’ Television 

Alignment Oscillator and Pattern 
Generator, to be exhibited for the first 
time, is a_ lightweight instrument 
designed to enable service engineers to 
align R.F. and I.F. circuits and to check 
the timebases of commercial television 
receivers. Illustrated at the top of 
column one overleaf. 


Alignment is carried out by using the | 


instrument in conjunction with a cathode 
ray oscilloscope. A feature of the 
instrument is that the frequency modu- 
lation of the carrier injected into the 
television receiver is carried out 


” trace. 
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electronically, the X-sweep voltage of 
the oscilloscope being used to control 
the modulation. This arrangement 
results in the instrument being sub- 
stantially lighter than similar instru- 
ments using mechanical frequency 
modulation methods. 

The response curves of R.F. and I.F. 
tuned circuits are displayed on the 
oscillograph producing the sweep voltage, 
the 7 Mc/s. bandwidth of the F.M. sweep 
filling the entire length of the trace. 

The carrier can be set at any frequency 
between 7 and 70 Mc/s., and can be fed 
into any suitable point between the 
aerial input of the receiver and the 
detector. The output from the television 
receiver, when fed to the oscilloscope X 
amplifiers, will provide a picture of the 
response curve of the tuned circuits 
under examination over a range of 
frequencies up to 3.5 Mc/s. either side 
of the selected carrier frequency. 

If a Cossor Double Beam Oscillograph 
is used it is possible to feed the vision 
output to one amplifier and the sound to 
the other, thus showing the response 
curve of both sections of the receiver and 
also any interaction effects which may be 
present. 

A wide range of output voltage is 
available, from 25 micro-volts to 50 
millivolts, adjustment being made by 
coarse and fine variable attenuator net- 
works. Provision has been made for a 
carrier frequency calibration check to 
be made using a signal generator. Any 
signal generator covering the band 7-70 
Mc/s. and with an output up to 50 mV 
may be used to provide this calibration, 
which appears as a marker pip on the 
The frequency range of the 
Alignment Oscillator is such that it 
will cover all the carrier frequencies on 
which the vision and associated sound 
programme of the British Broadcasting 
Corporation are or will be transmitted, 
as well as any intermediate frequency 











that might be selected for a super- 


heterodyne receiver, thus making 
allowance for future requirements. 

The pattern generator consists of a 
square wave generator working at 
frequencies of 400 c/s. and 80 kc/s. This 
generator amplitude-modulates the out- 
put of the alignment oscillator and 
provides a picture of alternate, evenly- 
spaced black and white bars, horizontal 
or vertical, on the television receiver 
screen. The purpose of this modulation 
is to provide an accurate test of time base 
linearity. No ancillary equipment is 
required for the linearity test. 

The Cossor exhibit also displays a 
range of radio and television receivers, 
combined tele-radio consoles, radio- 
grams, valves, cathode ray tubes and 
electronic instruments. 

Cossor valves, including the latest 
lock-in types, will be shown, together 
with a range of Cathode ray tubes for 
television and industrial uses. These 
latter include the unique double-beam 
tubes as used in the Cossor Oscillo- 
graphs, Models 1035 and 1049, examples 
of which will be shown. The Cossor 
Direct-Writing Electro-Cardiograph, 
Model 1314, is also to be displayed. 

A. C. Cossor Ltd., 

Cossor House, 
Highbury Grove, 

London, N.5. 


The Decca Record Co., Ltd. 
(22, 37 and 40) 


Tt firm will exhibit a range of 
television receivers, radiograms, 


record players, and their associated 
equipment. 

A high fidelity corner speaker is to be 
exhibited, which is a high-flux (14,000 
lines) unit for handling up to ten watts, 
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loaded by a folded near-resonant tapered 
air column. The walls of the room 
provide the final termination and high 
frequency diffusion. Efficient electro- 
acoustic conversion damping is employed. 
It has three impedances: type CS/3, 
three ohms; type CS/6, six ohms ; 
and type CS/15, 15 ohms. 

Of particular interest will be two new 
types of amplifiers, the PA/VI (illustrated 
below) and PA/IX. 

The PA/VI type has an output of 4.5 
watts, and a frequency response of 
30-16,000 c/s. It is designed for high 
fidelity magnetic pick-ups and micro- 
phones. The valves employed are two 
EF37’s, an L63, two PX 4’s and a 5U4G. 

The PA/IX has three push-pull stages 
of matched L63’s, push-pull matched 
PX 25’s and a 5U4G. The output is 
6.5 watts, with a frequency response of 
20-20,000 c/s. Stepped brilliance and 
bass controls give correct compensations 
for ffrr, E.M.Il. and N.A.B. recording 
characteristics. It has bass-compensated 
volume control and is suitable for 20-30 
ohm pick-ups and microphones. It has 
an A.C. power unit, illustrated bottom 
left). 

Both the amplifiers and mains units are 
housed in ventilated pressed steel cases, 
finished grey with chromium-plated 
handles. The power supply is 200-250 V. 
A.C. mains. 


The Decca Record Co. Ltd., 
1-3, Brixton Road, 
London, $.W.9 





Dynatron Radio Ltd. (69) 


A NEW radiogramophone will be 
exhibited, called the Ether Princess, 
illustrated right, which has been designed 
for giving quality reproduction. Other 
recent additions to be shown include 
the Ether Consort combined Television 
Radiogramophone, which uses the 
Princess chassis, and the Falcon television 
chassis, -and the Ether Sovereign com- 


bined Television Radiogramophone 
television model, in a Queen Anne 
cabinet. This uses the same television 


chassis as before, together with the 
Ether Conqueror radio chassis, which 
are housed together in a period cabinet. 
Dynatron Radio Ltd., 

Perfecta Works, 
Ray Lea Road, 
Maidenhead, Kent 
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Edison Swan Electric Co., Ltd. (33) 


MONG the features of this stand will 

be an animated display unit designed 

to give the general public an idea of the 

method by which a picture is built up 

on the screen of a television receiver. 

A working demonstration of the Ediswan 

Mark Il Loudspeakerphone equipment, 
illustrated above, will be shown. 

The Low Frequency Oscillator, 

illustrated below, is a development 


designed specifically for testing, calibra- 
tion and set-uplof biological amplifiers 
recorders,€ strain and vibration 
and 


and 
amplifiers and recorders, 
frequency wave analysers. 


low 





The resistance/capacitance circuit is of 
a special design with automatic amplitude 
control to ensure constant output and 
good waveform at all frequencies. The 
inclusion of an incremental frequency 
switch is for the measurement of Q in 
frequency selective circuits of filters or 
wave analysers. 

There are seven ranges covering 1.4 
c/s to 5,500 c/s., with an increment 
increase and decrease of not more than 
1.0 c/s. The waveform has less than 2 
per cent distortion at all frequencies 
except the extreme limit where a slight 
increase occurs. 

On an open circuit the output is 50 
volts peak to peak push-pull, and 25 
voits peak to peak unbalanced. It is 
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constant within -+55 per cent on all 
frequency ranges, with an absolute value 
of +10 per cent of rated voltage. 

Output control is either by step 
attenuator for feeding into high im- 
pedance amplifier input or by a con- 
tinuously variable control. Output im- 
pedance drops with decreasing output, 
in the first case falling 10,000 ohms 
maximum to a constant value of 40 ohms 
on last three steps (push-pull values) ; 
inthe latter case the control is calibrated 
0.1 -1.0 with an accuracy of +5 per cent of 
the full scale. This provides surgeless 
control of the output, essential when 
testing amplifiers with long time 
constants. 

For distortion testing a feature is the 
provision for the introduction of 15 
per cent 50 cycle wave super-imposed 
upon a selected low frequency. An 
external signal can be rejected if a 
frequency other than mains frequency is 
required (about 25 volts r.m.s._ is 
required). 

The Edison Swan Electric Co., Ltd., 
155, Charing Cross Road, 
London, W.C.2. 


Electro Dynamic Construction Co., 
Ltd. (9) 
A NEW range of high frequency motor 
alternators will be a feature of this 
firm’s exhibit, which are primarily for 
use with radar and allied navigational 
gear, and electronic apparatus. A new 
type of small rotary transformer and 
their usual range of rotary convertors 
will also be shown, including a convertor 
and filter complete unit in a soundproof 
cabinet for television, in a range of six 
types from 180 to 600 watts. 
Electro Dynamic Construction Co., Ltd., 
St. Mary Cray, 
Kent. 


The English Electric Co., Ltd. (35) 
Foner the Company’s exhibits will 

be the Model 1550 Television 
Receiver, which was introduced at the 
end of 1949. It has a 120 square inch 
screen, and is equipped with a syn- 


The television test rig exhibited on the 
English Electric Company’s Stand by 
Marconi Instruments Limited consists of— 
Top we: Receiver Tester TF888; Bottom 
right: Sweep Generator TF923; Top centre: 


Valve Voltohmmeter TF887A; Bottom 
centre: Oscilloscope TF966; Top left: 
Pattern Modulator TF954; Bottom left: 
Timing Unit TF965. 
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chrophase device which enables it to be 
used in those parts of the fringe areas 
where reception would otherwise be 
impossible. (lilustrated above.) 

On the stand there will also be 
demonstrated television test instru- 
ments made by Marconi !nstruments 
Limited, and so arranged that they can 
be grouped as a-complete assembly for 
overall testing. The grouping system 
does not immobilze otherwise portable 
instruments, nor need all the individual 
types be acquired at the same time. 
Starting with only two or three, further 
units can be added as required. 

Marconi Instruments Limited will 
demonstrate this equipment in use on 
an ‘English Electric’’ television re- 
ceiver dismantled to show the chassis 
and components. 

The English Electric Co., Ltd. 
Queens House, Kingsway 
London, W.C.2’ 


Ferranti Ltd. (55) 


Ts firm will show a range of radio, 
television and combined radio/tele- 
vision models. 

A radiogram, Model 405, consisting of 
a 5-valve superhet receiver with a 10 
inch p.m. speaker and built-in aerials, 
wil! also be shown. Ten 10-inch or ten 
12-inch records can be automatically 
played, and low note uplift circuits are 
included to improve record response. 

The television range gives a choice of 
table and console receivers for the 
Midlands and London areas, and in- 
cludes models incorporating a radio 
receiver with built-in aerials. A pro- 
jection television receiver, Model T.1605, 
will be also on view which gives a large 
flat brilliant picture 14 in. by 104 in. in 
size. 

With the exception of the projection 
television receiver, all models have the 
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12 inch Ferranti cathode ray tube which 
is free from ion spot burn and because of 
its moulded construction gives a sub- 
stantially flat brilliant picture approxi- 
mately l0din. by 8in. (Illustrated below.) 
All controls are conveniently pladed at 
the cabinet front, considerably simplify- 
ing operation. In the table Model 
T.1405 the controls are concealed by a 
hinged flap when not in sue, and in the 
console model T.1205 the picture screen 
and controls can also be concealed by a 
flap which retracts into the top of the 
cabinet and can be used, if necessary, to 
shield the picture from unwanted direct 
lighting. The combined television and 
radio console model T.1505 has doors to 
conceal screen and controls when not 
in use, and its radio receiver has built-in 
aerials. Illustrated below. 


Ferranti Ltd.. 
Hollinwood, 
Lancs, 





The General Electric Co., Ltd. 
(58, 77 and 85) 


JN the field of television the Company 
will show the newly introduced model 
BT.2147 which is an example of a low- 
priced receiver embodying all important 
technical features, illustrated overleaf. 
The circuit uses three stages of signal 
frequency amplification common to the 




















sound and vision channels, followed by 
a separate stage for each channel. To 
achieve the maximum efficiency and 
high sensitivity for weak-signal areas, 
all-glass miniature valves are used. A 
single stage of video amplification is 
employed and the overall video response 
is level from zero to 3 Mc/s. Interference 
in the sound and vision circuits is virtually 
eliminated by efficient spot-limiting and 
noise suppressing circuits. Permanent- 
magnet focusing together with stable 
time base and synchronising circuits give 
a completely stable picture under all 
conditions and ensure that the pre-set 
controls hardly ever need adjusting 
after the set has been installed by the 
dealer. The flat-ended cathode ray 
tube is aluminized and the brilliant 
picture can be comfortably shared by a 
family, without any need to darken the 
room. Conversion from London to 
Birmingham frequencies can be done in 
a matter of minutes, simply by changing 
the plug-in R.F. chassis. 

The receive: can be used on any A.C. 
or D.C. mains between 200 and 250 volts. 

The Electronics Section stand will be 
devoted to token displays of the 
Company’s many other activities in the 
communications field, including  in- 
dustrial V.H.F. radio equipment, sound 
equipment, tape recorder, recording 
tape and other specialized products. 

Other exhibits on this stand will be a 
representative selection of Osram pro- 
ducts, including cathode ray and geiger- 
muller tubes, photocells and valves. 

Two new types of miniature valves 
will be shown, the Osram X79, which 
is a triode-hex ode frequency changer on 
the B9A Noval base, principally for 
short wave reception. 

The Osram N37 is an output pentode 
on the B7G base, designed for frame 
time-base amplifier, or sound output in 
television receivers in which the heaters 
are wired in series at a current of 0.3 
amp. 

The Osram U37 is a sub-miniature, 
half-wave rectifier, designed for solder- 
ing direct into a circuit and for supplying 
E.H.T. from R.F. or flyback voltage 
sources. It has a very low heater 
wattage, 0.14 amps at 1.4 volt. 

Other interesting valves are the types 
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used in the London-Birmingham Tele- 
vision Link, having been designed for 
this purpose. AI7I4 is a high slope 
planar triode used in the receiver I.F. 
amplifier. The KT67 is a high slope R.F. 
tetrode used in the second amplifying 
and cathode follower stages in the 
transmitter |.F. amplifier. The DET24 
is a disk seal triode used in the master 
oscillator and first R.F. amplifier stages 
in the transmitter. 

The ACT25 is a forced air-cooled disk 
seal triode used as a transmitter fre- 
quency changer. 


The General Electric Co. Ltd.» 
Magnet House» 

Kingsway» 

London, W.C.2: 


General Post Office (21 and 34) 


Care wave radio links may be 
used extensively in the future for 
relaying television signals and for multi- 
channel telephony. The demonstration 
on the stand will show the principles of 
Operation of typical equipment. The 
transmitter consists of a 10,000 Mc/s. 
(3 centimetre) low power reflex klystron 
oscillator which is frequency modulated 
by the television signal. The output of 
the transmitter is fed through a wave 
guide to a lens-horn aerial which 
produces a narrow beam of radio waves 
thereby concentrating most of the 
radiated power towards the distant 
receiver. The electro-magnetic wave 
lenses used in these aerials operate on 
similar principles to the lenses used ih 
optical equipment but are made from an 
artificial dielectric consisting of metallic 
spots sprayed on thin sheets of insulating 
material. Similar aerials are used on the 
receiver, the narrow beam width in this 
case serving to exclude unwanted signals 
and noise. The receiver is of the super- 
heterodyne type with a reflex klystron 
local oscillator and a crystal mixer. Thé 
mixer is followed by a 60 Mc/s. L.F. 
Amplifier, a Limiter and a Discriminator, 
the output from which is a replica of 
the television signal applied to the 
transmitter. 

The exhibit also includes working 
examples of the equipment used for 
amplification and for modulation and 
demodulation at the terminal stations. 

A repeatered circuit for television 
transmission will be shown, and tele- 
vision pictures are demonstrated after 
transmission over one mile of telephone 
cable, before and after equalization. 


General Post Office, 
Alder House, 
London, E.C.1. 


Goodmans Industries Ltd. (85) 

HE Goodmans Concentric Diffuser 

has been introduced to meet the 
demand for an omni-directional Public 
Address Reproducer. This 10 Watt 
diffuser type loudspeaker uses a high 
flux 10 in. P.M. Loudspeaker mounted in 
a’ Helmholtz resonator of optimum 
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volumetric capacity, the diaphragm being 
fully loaded down to 50 c/s. The 
‘*CD/77”’ has a frequency range from 
50 c/s. to 10,000 c/s. free of sub- 
harmonics and bass modulation effects. 
Its outstanding design guarantees sound 
waves evenly spread over a radius of 
360 degrees. It is shown above. 

Connexion to the unit is effected by 
means of a flush fitting plug and socket 
close to the eye attachment for the 
suspension of the diffuser. 

Overall diameter : 20% in. 

Overall height (including eye suspension 

attachment) : 17% in. 

Speaker unit: 10 in. P.M. High Flux. 

Voice Coil Impedance: 15 Ohms. 

Maximum Power Input: 10 Watts 
Peak A.C. 

Nett weight : 21 Ibs. 

Also exhibited will be the ‘* Axiom 
150°’ High Fidelity P.M. Loudspeaker 
and the ‘‘Audiom 60’ 12 in. P.M. 
Loudspeaker. 

Goodmans Industries Ltd., 
Lancelot Road, 
Wembley, Middx. 


Hale Electric Co. Ltd. 
(Etronic Radio) (60) 


Tt latest development to be shown 
by Etronic consists of a Projection 
Televisor employing a superheterodyne 
circuit with a total of 23 Mullard valves. 
It is available for both London and 
Midland reception areas, and is housed 
in a handsome console cabinet, fitted 
with doors which, when opened, dis- 
close a screen giving a picture measuring 
18 in. by 137/y¢ in. 

“A full range of television receivers, 
radiograms and radio receivers will also 
be exhibited, including a midget receiver, 


and a de-luxe console’ Television 
Receiver. 

Hale Electric Co. Ltd., 

Radio Works, 

Talbot Road, West Ealing, 

London, W.13. 


Metro Pex Ltd. (78) 


XHIBITS will include specially 
designed lenses and accessories for 
radar development, lenses for incorpora- 
tion into television receivers (export), 
industrial lenses and full ranges of 
standard and filter type lenses for 
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current receivers. Separate filters for 
use on 9 in., 10 in., 12 in., and 15 in. 
receivers are available. 

Recent additions to the range are the 
Console and Table Stand modeis, type 
Nos. CIX, C2, A3, incorporating new 
developments in stand design. They are 
hand forged in wrought iron, finished in 
polychromatic bronze ; they are avail- 
able for 9 in., 10 in. and 12 in. receivers. 

Also on show will be the new trolley 
table models, introduced to solve the 
problem of where to put the television 
set. They are simply designed tubular 
steel tables with telescopic and swivel 
lens adjustment, fitted with large wheels 
for easy movement ; available for 9 in., 
10 in. and 12 in. table receivers. 


Metro Pex Ltd., 
38, Great Portland Street, 
London W.1. 


Mullard Electronic Products Ltd. 
(64 and 74) 


ULLARD’S will have two stands at 

this exhibition, and Stand No. 74 
will be devoted to a display and demon- 
stration of valves, tubes and components 
of interest to equipment manufacturers. 
The range of products will include 
valves for domestic receiver, car radio 
and audio-amplifiers ; valves and C.R. 
tubes for television receivers ; sub- 
miniature valves for hearing aids, and 
the very latest photocells for sound-on- 
film equipment. Of interest among 
these exhibits is a new range of noval 
base receiving valves specially designed 
for television. 

A wide variety of Mullard radio and 
television components will also be 
exhibited, including a range of ‘‘Ticonal’’ 
permanent magnets, Ferroxcube—a 
high-permeability, low-loss ferrite, and 
Varite negative temperature coefficient 
resistors. 

Mullard projection television com- 
ponents will also be demonstrated on 
Stand No. 74. These components com- 
prise an optical system, deflexion and 
focusing coils, and compact E.H.T. unit 
and the Mullard MW6-2 projection tube. 

On Stand No. 64, Mullard will present 
their range of radio and television 
receivers, whilst a section of this stand 
will be devoted to a comprehensive 
display of radio valves and television 
tubes suitable for all types of receivers. 

Important among the range of Mullard 
radio and television exhibits will be five 
new radio receivers, Models MAS274 
and MAS277, and a new television re- 
ceiver Model MTS 501. 

The MAS274 is a 5-valve, all-wave 
superhetrodyne for A.C. mains. The 
MAS277 is a de-luxe, 5-valve A.C. 
superhet giving good performance on 
three wavelengths, with a ‘‘ magic eye ”’ 
tuning indicator. The Model MTS50I 
is a television console with a 12-inch 
cathode ray tube. The picture produced 
on the screen is bright, sharply defined 
and steady so that it can be viewed 
comfortably in normal room lighting. 

An interesting feature on stand No. 64 
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will be a giant model of a modern valve 
cut away to show the complex multi- 
electrode system inside. Another 
interesting exhibit will be a new High- 
Speed Valve Tester for use in dealers’ 
shops and ‘service departments. By 
means of this instrument any normal 
receiving valve can be completely and 
accurately tested in a few moments. It 
is compact, automatic in operation and 
has the advantage that it can be used by 
non-technical personnel. 


Mullard Electronic Products Ltd., 
Century House, 

Shaftesbury Avenue, 

London, W.C.2. 


Multicore Solders Ltd. (86) 


T this stand practical soldering 

demonstrations will be given, the 
chief feature being a typical television 
assembly line worked by the G.E.C.’s 
staff from Coventry. They will assemble 
R.F. units for the G.E.C. Television 
Model No. BT.2147, the complete 
operation taking more than an hour. 


Multicore Solders Ltd.» 
Mellier House, 
Albemarle Street, 
London W.1. 


Murphy Radio Ltd. (44) 


To firm will show a new radiogram, 
the AI72R. It has eight valves, and 
will play 78 r.p.m. and long-playing 
records. It uses the Murphy light-weight 
pick-up, with a moving coil for 78 r.p.m. 
and moving iron for long-playing records. 
The radio unit has long, medium and 
short wavebands, with flywheel tuning. 
Delayed A.G.C. negative feedback is 
used, with high-power push-pull output. 
It has two loudspeakers, and A.C. 
operation in the 50-60 cycles. 
Another new item to be shown will 
be the Murphy VI78C television receiver 
which employs a 12 inch aluminized tube 
Unusual features of this model are : 
the use of oil-filled line-scan trans- 
formers producing9kV ; thelow voltage 
rectifier is of the selenium type instead 
of the usual valve type ; it has two R.F. 
stages. Models are available for both 
London and Birmingham, and the cabinet 
is in two tones of French walnut and 
bird’s eye maple, with fitted castors. 
Other recent models to be exhibited 
include the VI80C television console 
receiver for use on the combined 
vision-sound channels ; the Al70 table 
radio receiver, and the ‘‘ 168’ Murphy 
baffle table receiver. ; 
Murphy Radio Ltd., 
Welwyn Garden City, 
Herts. 


Philips Electrical Ltd. (42 and 45) 


THE full range of Philips television 
receivers will be exhibited, comprising 
direct viewing and projection models. 
The direct viewing receivers will include 
two table models, the 385U with the 
9 in. tube, the 492U with the 12 in. tube, 
and a 12 in. console model 485U. Two 
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of these receivers will be demonstrated 
in the Television Avenue. 

Of particular interest at this exhibition 
will be the demonstration on stand No. 
42 of Philips projection television. Two 
models will be exhibited, the table 
receiver 600A—which is supplied with 
or without stand—and the new console 
model, 704A. 

The advantage of these new receivers 
is that they allow the picture to be 
viewed comfortably by a large group. 

The screens have been developed to 
give the maximum horizontal angle of 
view from the front. This has been 
achieved by lenticular rulings on the 
back face of the screen. The flat screen 
also obviates high speed reflexions of 
sources of light, so that the picture 
may be viewed in normal room lighting, 
with no glare or any appreciable loss of 
contrast. 

The introduction of the 600A table 
model brings Philips projection television 
within the reach of the home. It 
combines the important features of 
compactness, bigger screen and wide- 
angle viewing, and is most suitable for 
family viewing. It gives clear, soft-toned 
pictures on a flat screen measuring 
132 in. by 10} in. 

The range of radio receivers exhibited 
will comprise the inexpensive 5-valve, 
all-mains superhet 290U ; the “‘all-in- 
one portable ’’ 401UB, and the two new 
de-luxe models 400A and 500A. The 
popular battery set with mains per- 
formance—model 474B—will also be 
displayed. 

Of special interest will be the Radio- 
gram 603A, which is provided with a 
three-speed turntable, thus enabling it 
to accommodate long-playing records. 

The new Philips motoradio model 
574V will also be shown. This receiver 
comprises a 5-valve superhet with both 
manual and mechanical push-button 
tuning, and a_ separate high-fidelity 
loudspeaker contained in an 8-in dia- 
meter metal case. The radio unit is 
designed to fit on the underlip of the 
motorcar instrument panel; it can 
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alternatively be inserted in the special 
compartment provided in many cars. 


Philips Electrical Ltd., 
Century House, 
Shaftesbury Avenue, 
London, W.C.2 


Pye Ltd. (8 and 49) 


N this stand will be shown a black 

screen television receiver only 
released this month. It is a 12 inch 
table model operating from either A.C. 
or D.C. mains. 

Another new television receiver is 
the LV30, with a table model built to the 
same specification, LV30C, using black 
screens. The receiver has a standard 
9 inch tube, and 14 valves. The loud- 
speaker is a 64 inch permanent magnet 
moving coil type. The sound volume 
controls, including on/off switch and 
picture contrast controls are built on 
the front of the cabinet, with the others 
pre-set at the back of the receiver. 
Noise limiting circuits have been in- 
corporated. The R.F. unit is separate, 
so the sets are easily convertible to new 
television stations. 

The vision receiver has single side- 
band tuned radio frequency stages 
using Pye tuned coils, and incorporates 
automatic interference suppression with 
video frequency amplifier. The time base 
has a positive interlace filter, a ‘‘ Grid 
blocking ’’ type scan oscillator, Pye 
** positive Grid "’ type line scan oscillator 
and magnetic deflexion output stages. 


Similar models are available for 
Sutton Coldfield. 

Pye Ltd., 

Radio Works, 

Cambridge. 


Romac Radio Corporation Ltd. (88) 
Sx types of television receivers will be 

shown, all using the 12 inch aluminized 
tube. They are convertible for recep- 
tion of any B.B.C. station by exchanging 
three plug-in types of R.F. coils on some 
sets, and four on the others. 

A selection of portable receivers 
having sling type aerials are exhibited, 
together with car receivers having two- 
unit construction enabling easy fitment 
in any type of car. 

Another feature of this stand is the 
Model 160 aircraft transmitter-receiver, 
which incorporates a 12-channel crystal 
controlled transmitter-receiver, cover- 
ing frequencies from 118-132 Mc/s. 

Romac Radio Corporation Ltd., 
The Hyde, 
London, N.W.9. 


Standard Telephones and Cables Ltd. 
43 


HE ‘Standard *’ Type D.S.I5 radio 
transmitter is a 20 kW short wave 
equipment, which may be employed in 
conjunction with the appropriate 
external Drive Unit for a number of 
services such as :— 
(1) Broadcasting and Telephone trans- 
missions ; 
(2) High-speed telegraph transmis- 
sions with either frequency-shift or 
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‘* ON/OFF ’’ Keying. In the latter case 
facilities exist for the carrier signal to be 
either steady for straight C.W. tele- 
graphy, or ‘‘ wobbled ’’ about the mean 
value to correspond to M.C.W. tele- 
ra, and 

(3) Reduced carrier single or in- 
dependent sideband transmission. 

The transmitter may also be used for 
frequency modulated ‘‘ facsimile ’’ trans- 
missions. Operating frequencies are 
controlled by accurately ground quartz 
crystals mounted in a thermostatically 
controlled oven. The R.F. exciter 
mounts up to six crystals. Alternatively, 
the oscillator may be self excited. 

The final R.F. stage employs an.inverted 
or grounded grid amplifier. Among 
the many features are simple tuning, 
rapid wavechange and a new type of 
modulation limiter. The power supply 
required is 380-415 volts 50 cycles three 
phase. 























On display will be the ‘ Brimar”’ 


Projection Tube and recommended 
optical unit, showing the layout 
employed in Domestic Television 


Receivers, together with ‘‘ Brimar’”’ 
Aluminized Teletubes for direct viewing. 
Two recent additions to the range of 
“‘SenTerCel’’ rectifiers, developed 
specifically for use in A.C.-D.C. television 
and radio receivers are shown: type 
RM4, which is a compact and inexpensive 
rectifier extends the range of miniature 
H.T. rectifiers by providing the output of 
290 volts 250 milliamps required by most 
television receivers ; types ‘‘K’’ and 
““N’”’ which are E.H.T. low current 
tubular rectifiers with very high voltage 
plates. They are smaller, more efficient 
and cheaper than previous types. 
Standard Telephones and Cables Ltd., 
Connaught House, 
63, Aldwych, 
London, W.C.2. 
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The Telegraph Construction and 
Maintenance Company Limited (79) 
|N addition to the present day range 

of television down-lead cables, Telcon 
will be exhibiting both solid and air 
spaced low loss cables and accessories 
suitable for operation at frequencies as 
high as 10,000 Mc/s. per second. 

A new type of air spaced coaxial cable 
having as a spacer a helical membrane 
of Telcothene applied edge-on around the 
inner conductor will also be displayed. 
The outer conductor is a seamless 
aluminium tube cold drawn on to the 
helix, and provides very adequate 
screening and water-proof protection. 
An effective dielectric constant of 1.08 
is thus obtained in a robust and special 
construction with a very high degree of 
uniformity. 

Special Alloys for the Radio and 
Electronic Industries will be shown, 
including high permeability alloys, 
alloys for glass-to-metal seals, electrical 
resistance alloys, Telcon bronze (beryl- 
lium copper), and thermostatic bimetals. 
Telegraph Construction and Maintenance 

Co., Ltd., 
22, Old Broad Street, 
London, E.C.2. 


Telerection Ltd. (100) 

N_ interesting development, the 

“*Maximus ’’ 4-element television 

aerial, a new design embodying an 

adjustable matching device, enabling the 

impedance of the aerial to be adjusted 

to any receiver input, will be shown on 
this stand. 

The sketch illustrates how, by a 
simple mechanical adjustment, it can be 
matched to 50 ohm co-axial input, 80 
ohm balanced feeder, to Philips, G.E.C., 
Vidor or any other television receiver, 
irrespective of feeder and input im- 
pedance 

Other types of aerials exhibited are: the 
“* 8 DB,”’ 3-element type, designed in the 
same manner as the Maximus 4, with 
adjustable T match ; the ‘‘ Extremus ”’ 
4-element type, incorporating a co-axial 
line transformer for matching purposes, 
matching this aerial into an ohms 
input ; the ‘‘8 DB ’’ 3 element type, as 
above, with a co-axial line transformer, 
again matching into 80 ohms; ‘‘H”’ 
types, and single dipoles with various 
mountings. 

Telerection Ltd., 
12, Suffolk Parade, 
Cheltenham, Glos. 


Vidor Ltd. 

A new development in the- Vidor 

large screen projection television is 
the Model CN.4205. This model shows 
a picture of 16 in. by 12 in. clearly. It is 
a two door Console type, finished in 
two shades of walnut. The design of the 
cabinet facilitates servicing the set from 
the front without complicated dis- 
mantling operations. Also, all controls 
are on the front, all secondary preset 
controls being covered by a hinged 


panel. 
Vidor Ltd., 
Erith, Kent. 
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An Electron Diffraction Demonstration Tube 


By JAMES A. DARBYSHIRE, M.Sc., Ph.D., F.Inst.P. 
(Messrs. Ferranti Ltd.) 


SEALED-OFF tube has been designed to give a 

brilliant visible display of electron diffraction 
rings from a microcrystalline specimen of zinc oxide. 
The tube resembles a normal cathode ray tube with 
a neck diameter of 35 mm. and a screen diameter of 
150 mm. (6 inches). A very good demonstration of 
the diffraction pattern can be obtained merely by 
substituting this tube for a normal cathode ray tube 
in a television receiver chassis. The line and frame 
scan valves would have to be removed and a series 
resistance should be inserted in the heater leads so 
that the voltage across the heater terminals is re- 
duced to approximately 2.5 volts. 

The position of the tube would have to be adjusted 
by trial until the normal focusing solenoid is in a 
suitable position to obtain optimum focus for the 
diffraction tube. The wire from the specimen should 
be connected to the anode terminal on the tube 
and the high voltage lead wire from the chassis 
should be connected to the anode terminal as for a 
normal cathode ray tube for television. The pattern 





Table | eee cr ar 2 
Beam current Anode 
microamperes voltage 
20 5 
10 10 
5 15 


After a number of sealed-off tubes had been made up 
in this manner it was realised that it would be 
quite feasible to operate a continuously pumped 
modification of the same tube. In this way was 
designed a very simple apparatus for electron diff- 
raction investigations in which a variety of speci- 
mens can be examined. 

The continuously pumped tubes resemble, very 
closely, that shown here. The specimen is now 
mounted by means of a ground joint instead of being 
permanently sealed in position on the side arm. The 
tube has the same kind of electron gun system, 
consisting of an oxide-coated cathode, modulator and 





is quite visible even at 5 kV, and is quite brilliant 
at 7 kV. The majority of present day twelve inch 
television receivers operate at anode voltages between 
7 and 9 kV on the cathode ray tube. The best 
results are obtained if the anode voltage is 15 kV. 
The tube has been designed to operate at a maximum 
anode voltage of 18 kV and the focus coil should 
have approximately 600 ampere turns. The heater 
rating is 2.5 volts (0.7—0.9 amperes) and the bias 
control should be adjusted so that the beam current 
can be varied from 0-30 microamperes. 

The tube is based with the standard international 
octal base and the basing is as follows :— 

Pin 1. ..- Blank Pin 5. ... Modulator 
Pin 2. ... Heater Pin 6. ... Missing 

Pin 3. ... Missing Pin 7. ... Heater 

Pin 4. ... Missing Pin 8. .-. Cathode 

A photograph of the tube is shown above and 
a very good record of the ring pattern on the screen 
can be obtained by external photography using a 
lens of aperture f2.5 and exposure of 7 seconds 
at 15 kV on the anode. As the anode voltage is 
increased the beam current required to give a clearly 
visible diffraction pattern decreases. The value of 
beam current required in microamperes for various 
values of the anode voltage are given in Table 1. 


internal anode. The gun assembly is sealed into the 
neck and ample emission can always be obtained 
from the oxide-coated cathode even after repeated 
exposures to air, provided that the cathode is 
allowed to cool down before air is admitted to the 
tube. 

Thus, the specimen holder itself is the only 
demountable part of the tube and a specimen can 
be changed and the tube repumped and in full 
operation again within approximately five minutes. 

The oxide-coated cathode does not deliver any- 
thing like its normal emission current because it 
must obviously become poisoned owing to repeated 
exposure to the atmosphere. However, it will con- 
tinue, almost indefinitely, to provide quite sufficient 
emission to give very clear diffraction patterns on 
the fluorescent screen. 


The sealed-off tubes can be supplied with specimens 
of zinc oxide mounted in position in the electron 
beam. Also, small numbers of the demountable 
type of the tube are available. 

The greater part of the development work on these 
tubes has been carried out by Mr. L. Atkinson and 
Mr. J. Buckley, both of the Ferranti Cathode Ray 
Tube Research Laboratory. 
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The Determination of Quiescent 
Voltages and Currents 
in Pentode Amplifiers 


By A. J. SHIMMINS, B.E.E., B.Com. 
(E.M.1. Engineering Development Ltd.) 





hid 
- 


very often designers of electronic equipment are 
confronted with the problem of determining the 
quiescent electrode voltages and currents for a given 
amplifier circuit, particularly when an_ existing 
design is being checked. 

If a triode is used, the solution presents little diffi- 
culty, but for pentode amplifiers greater difficulty is 
experienced mainly because the screen grid voltage 
is unknown. Although values of anode and control 
grid voltages can be found for a known screen volt- 
age, this voltage in a particular circuit depends on 
the parameters of the circuit so that the bias on the 
tube, and the anode and screen voltages are inter- 
































dependent. The following is an approximate method 
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Fig. |. 
Anode characteristic of EF9I pentode 
eg = 250 volts 


of obtaining the quiescent values of anode, screen 
grid and control grid voltages and currents when the 
circuit parameters and supply voltage to the ampli- 
fier are known. 

Dynamic Characteristics of Pentodes 


Manufacturers of valves usually give anode charac- 
teristics for one particular screen voltage (usually 
250 or 100 volts). Typical anode characteristics are 
shown in Fig. 1. On these characteristics a loadline 
can be drawn and a dynamic characteristic relating 
anode current and grid voltage added. It should be 
noted that this is drawn for the particular screen 
voltage at which the anode characteristics are given. 
If the screen voltage is changed to another value, 
another set of anode characteristics is obtained. 

An examination of experimentally obtained 
dynamic characteristics* for -pentodes at various 
fixed screen voltages shows that they are a family 
of curves approximately parallel to each other (parti- 
cularly the lower portions), i.e., are practically the 











Radiotron Designers Handbook ” 8rd Edition, p.273. 
”* Communications, July 1946. 


* See “ 


Also ‘“‘ Dynamic Characteristics of Pentodes 
p.14. 
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same shape, and equally spaced for equal increments 
or decrements in screen voltage, except when the 
screen voltage is very low, say below 10 volts. One 
interesting point is that as the screen voltage de- 
creases the dynamic characteristics have slightly 
longer linear portions and slightly higher slopes for 
reasons discussed in section 8 below. 

The spacing between the various dynamic charac 
teristics can be determined (for any given control 
grid voltage) by making use of the fact that when the 
valve is connected as a triode we have: 

Lea Aes | 


u = & 
Aes! ia constant 





~ Aeg| is constant 
or for any fixed anode current a change in screen 
voltage Aes is equivalent to a change in control grid 


a (1) 


Thus if #ris known, the spacing between the dynamic 
characteristics can be calculated and a family of 
dynamic characteristics can be drawn, without re- 
course to the anode characteristics at various screen 
voltages. 

A typical family is shown in Fig. 2 ; the curve for 
zero screen voltage is similar in shape to the others 
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Family of dynamic characteristics, EF9I 
RLi=23.5 kQ, Es=250 volts 


but is further spaced and of lower slope. 


Relationships between Anode Current and Screen Voltage 

For any given amplifier, if the screen voltage is 
known, the quiescent conditions are readily deter- 
mined. 

For an amplifier with cathode resistor Rx, there is 
a relationship between quiescent anode current and 
screen voltage which can be determined as follows. 

The grid voltage and anode current are related by: 

e= —(ia + ts)Re 
where is is the screen current. In the absence of 
more accurate information this screen current can be 
taken as a constant proportion of the anode current; 
is = kis, where k is a constant between 0.33 and 0.25 
provided the anode voltage does not fall below about 
15 to 20 per cent of the screen voltage, below which 
the screen takes a rapidly increasing proportion of 
the cathode current. The constant k can be deter- 
mined from figures published by the valve manufac- 
turer. The value of k begins to increase rapidly as 
the anode current approaches the limiting value just 
below Exs/Rz1, where Ex is the D.c. supply voltage 
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and Ry the load resistor. At any one particular 
screen voltage es, the dynamic characteristics will be 
straight until the anode current is about 20 es/ Ez 
per cent from the limiting value, because for higher 
anode currents the anode voltage is below 20 per cent 
of the screen voltage and therefore the screen current 
is rising rapidly and the anode current is becoming 
asymptotic to its limiting value. Thus we have 

Me ME H REE xicksocisecsseees. (2) 
This can be represented by a straight line on the 
same graph as the family of dynamic characteristics, 
the intersection of the cathode line and the parti- 
cular dynamic characteristics giving the anode cur- 
rent for the particular screen voltage. From a graph 
such as is shown in Fig. 2 anode current versus 
screen voltage can be plotted, the shape of the curve 
being as shown in Fig. 8. 

This curve is practically a straight line which 
bends rapidly and is asymptotic to a current slightly 
below Exs/Rx, the limiting value of anode current. 

A second relationship between anode current and 
screen voltage is furnished from the conditions exist- 
ing in the screen circuit. With a screen resistor Rs 
and screen supply voltage Es we have 


Es 
50 100 150 200 250 300 
SCREEN-GRID VOLTAGE 


és = E; —isRs 
is = kia 
este lp Weta tba 5 i0isc0i cogsesgesgetanens (8) 
Es 
kRs 
o) 40.3 
E 9 A 
5 8 B 
a 
3 6 
O 5 
yw 4 OX QuigSCENT OPERATING POINT 
re) 3 es= 148V 
» 2 igs 48 ma 
ae 
° 








Fig. 3. 
Anode current versus screen voltage 


which is the second relationship needed to determine 
és and is for the particular amplifier. This relation- 
ship is a straight line. It should be noted that Es 
and Rs are the effective values of screen supply volt- 
age and screen resistor respectively. If a simple 
series dropping resistor is used, Es is equal to Ex, the 
supply voltage, and Rs is the value of the series 
resistor, but if a voltage dividing network is used, 
Thévenin’s Theorem must be applied to find Es 
and Rs. 

The intersection of the two lines gives the quies- 
cent screen voltage and anode current. 


A Typical Example 


To illustrate this graphical approach, consider an 
amplifier using an EF91 valve, connected as shown 
in Fig. 4. 

The anode characteristics and dynamic charac- 
teristics for es = 250 volts are shown in Figs. 1 and 2 
respectively. The value of #1 for this valve is about 
68 and k is 0.255. The calculated family of dynamic 
characteristics is shown in Fig. 2, together with the 
cathode loadline for Rx =212 ohm (from Equation 2) 
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and the anode current screen voltage relationships 
are shown in Fig. 8, curve A being that determined 
from Fig. 2 and line B being that of the screen load- 
line (Equation 8). The equilibrium screen voltage 
is given by the intersection of lines A and B. 

The quiescent conditions thus determined are given 
in Table 1, together with the measured values for 
the particular circuit. It can be seen that there is 
fairly close agreement between the results. 


TABLE |. 
EF9I Pentode: RL = 23.5 k ohm. RS = 82k ohm. RK = 212 ohm. 

















EB = 250 volt. 
Quiescent Value raphical Measured 

Results Values 
Screen Voltage ... ‘el PW a 148 V 152 V 
Anode Voltage ... aes se a 137 V 143 V 
Anode Current ... an a si 4.8 mA. 4.65 mA 
Screen Current ... , me see 1.22 mA 1.20 mA 
Grid Bias 1.27 V 1.31 V 








6J7G Pentode : RL = 250 kohm. RS = 1.2 Megohm. RK = 1200 ohm. 




















EB = 300 V. 

|Graphical Measured 

Result Value 

Screen Voltage ... oa Pe? bes 47 V 43 V 

Anode Voltage tie sad ied 88 V 85 Vv 
Anode Current ... vee eee sex 0.85 mA 0.86 mA 
Screen Current ... ae a ie 0.21 mA 0.21 mA. 

Grid Bias ais as oa a 1.28 V 1.30 V 

Ry, 223: 5kn 250V 








Fig. 4. 
Typical pentode amplifier 


In Table 1 results are also given for a pentode 
amplifier using a type 637G valve. It is thought that 
in the majority of cases the calculated results will 
be within 10 per cent of their actual values, but it 
must be remembered that individual valve charac- 
teristics can vary greatly from the published values, 
particularly if the anode current is well below the 
normal operating value. Also, consideration must 
be given to variation of resistors from their nominal 
values. The changes in operating conditions due to 
variations in resistor value can be easily determined 
by making the calculations outlined above for the 
upper and lower limits of the resistor concerned. 


Analytical Treatment 


The equation to a family of dynamic characteristics 
as shown in Fig. 2 is given by 


ta =at b(exs rt es—A/ Hr) diebaaeeect (4) 
whereis = anode current, 


a = a constant equal to the projected value of 
in for es = O at screen voltage es = A, 
b =a constant equal to the slope of the 


dynamic characteristics at es = A, 








388 Electronic 


és = control grid voltage, polarity being con- 
sidered with respect to cathode, 
es = screen voltage, 
A = screen voltage for which constants a and 
b are determined, and for which the 
original anode characteristics are given, 
Hr = 0e./0e, = amplification factor of valve 
connected as a triode, 
with the limitation that 1. does not exceed Exs/ Rt. 
This gives only the straight portion of the curves 
and does not consider curvatures near cutoff and 
near the limiting value of anode current. 
The equation to the cathode loadline is 
ee = —(1 + k)uRx 
The intersection of this line and the dynamic 
characteristic gives 


is = a + b{ —(1 + kisRx + e2—A/r} 
a/b + es—A] by 
1/b + (1+ k)Rx 
(Ex—A/# ) + s/t 
1/b + (1+ K)R« 


where E; = a/b is the projected grid base at es = A. 
This is the equation to line A in Fig. 3. 
The equation to the screen line is 





or .= 








s Es —€s 
a= kR Cecoccvcccccccccececccceccces (6) 
where E. = effective screen supply voltage, 
k = is / ts, 


R. = >ffective screen resistor. 
Combining Equations (5) and (6) we have that the 
quiescent screen voltage is given by 


E.(1/b + 1 + k Rx) —kRs(Es— A/tr) 


ee Afb + 0 + le + BIO ~™ 


and therefore 
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—A/er + DEs/ bx 
oot + (1+ kK)Rg+ kRs/ 
Since E, is approximately equal to A/#1r, we have 
Es 


ee ~ - OS RRR aaa (9) 


* nef 1/b + (1+ Rx} 


This gives the quiescent screen voltage, from which 
all other quiescent conditions are readily determined. 
For the circuit shown in Fig. 4, the value of Ex 





i = 








is —8.65 V and 1/b = 185 (from Fig. 2). Substitut- 
ing in the Equation (7) we have 
25 250 
és = —— = i = 149 V. 
255.82 1 + .681 





68 { .185 + .266 } 

This is close to the measured value. 
Conclusion 

A method has been presented which enables 
approximate values of the quiescent electrode values 
of voltages and currents in a pentode amplifier to be 
determined, either graphically or by calculation from 
a dynamic characteristic for a particular screen volt- 
age. The graphical method is more accurate and 
should be used in preference to calculation since a 
much clearer picture of operating conditions can be 
obtained. The method gives an approximate solution 
only, but in practice it has been found to be close 
enough for design purposes. It must be remembered 
that individual valves vary from the average charac- 
teristics as given by the manufacturer, so more 
accurate calculations are seldom warranted. The 
approach is particularly useful in determining the 
effect of changes in circuit parameters, such as 
cathode resistor or screen resistor, on the operation 
of the amplifier. 


National Radio Exhibition 


Castle Bromwich, September 6-16, 1950 
By P. D. CANNING 


(Vice-chairman R.I.C. Exhibition Technical Committee) 


HIS year for the first time the National Radio 

Exhibition is not taking place in London, but 
is being held in part of the B.1.F. building at Castle 
Bromwich. Every effort has been made to cover 
most of the uses of radio, but in view of the great 
interest in the Midlands and the North in television, 
due to the opening of Sutton Coldfield and the 
projected station at Holme Moss, emphasis is laid 
on this section of the industry. 

The Exhibition Technical Committee of the Radio 
Industry Council, who are responsible for all the 
technical services within the _ exhibition, were 
required to provide the following services :— 

1. Television Distribution System relaying suitable 
programmes from 10 a.m. to 10 p.m. daily to 
Television Hall and the various exhibitors’ 
stands. 

2. Sound Distribution System relaying suitable 
musical programmes to the loudspeakers dis- 
tributed throughout the hall. 

8. Sound Reinforcement System relaying the acti- 


vities within the B.B.C. Studio to the imme- 
diate surrounding area. 

4. Control Studio for the origination or selection 

of the programmes for 2. above. 

The centre of these services is the R.I.C. control 
room, and all the apparatus for the above services 
together with the announcer’s studio is housed in it. 

The control room itself is of simple shell type 
construction, sub-divided to provide rooms for the 
television and sound distribution systems, the 
technical officers’ room, etc., but the studio, which 
abuts, is of double-skin construction throughout, 
with sound-proofing material between the two skins 
to give an almost soundproof room. On the inside 
wall acoustic tiles are used to ensure good audio 
characteristics. Plate glass, 3 ft. high, is mounted 
3 ft. 6 in. above floor level, on all sides, to enable 
visitors to obtain a clear view of the apparatus in 
use, and the necessary activities connected with the 
distribution services. 

The television distribution system, supplied by 
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E.M.I. Sales & Service, enables any one of three 
originating programme sources to be distributed in 
such a manner that all working television receivers 
will be provided with a good signal. 

The programme sources are the normal B.B.C. 
programmes, usually from the London studios, 
cameras in the B.B.C. exhibition studio and a film 
scanner. The first two are distributed whenever 
available and suitable, and at other times the film 
scanner is used. MRadiated signals from Sutton 
Coldfield are received and de-modulated on special 
receivers, and used to modulate two small trans- 
mitters working on the Alexandra Palace frequen- 
cies; alternatively, the output from the B.B.C. 
exhibition studio or film scanner may be _ used. 
Master faders are used to permit artistic change- 
over between programmes. 

This changing of frequency is essential because of 
the very high field strength of Sutton Coldfield in 
the vicinity of the exhibition. It was found at 
Radiolympia in 1949 that if a programme, originat- 
ing within the exhibition, was in use when Alexandra 
Palace commenced radiating, quite serious inter- 
ference was experienced. This would be much worse 
this year owing to the higher power of Sutton 
Coldfield and the shorter distance between the 
transmitter and the exhibition. Tests on site using 
a small distribution network showed that this scheme 
would give excellent results and that undesirable 
effects, due to cross-modulation, etc., were absent. 

The complete apparatus for the television distri- 
butor system includes a single-channel film scanner, 
also supplied by E.M.I., the necessary Sutton Cold- 
field receivers and de-modulators, transmitters 
adjusted to the Alexandra Palace frequencies, and 
the distribution amplifiers together with various 
monitors, etc. The signal from the distribution 
amplifiers at 41.5 and 45.0 Mc/s. is taken by 702 
concentric cables to the various stands and to Tele- 
vision Avenue where it is correctly terminated for 
connexion to the receivers. A total of approxi- 
mately 180 outlets each giving a signal of 1 mV 
is provided. 

Some of the characteristics of the equipment are 
as follows :— 
Pass band: not worse than — 2 db. at 2.5 Me./s 

and — 6 db. at 3.0 Mc/s. 

Linearity: within 5 % up to peak white output. 

Sound : within 3 db. 50-7,500 c/s. 

The sound distribution system supplied by G.E.C. 
commences at the announcer’s console where incom- 
ing lines carry the B.B.C. Light and Midland Home 
Services continuously, and together with two gramo- 
phone turntables, built into the console, provide the 
whole of the programme material. The equipment 
is designed to allow continuity working similar to 
the normal B.B.C. practice. The duty announcer 
has full control of the programme sources available, 
each of which is correctly terminated and provided 
with level adjusters in addition to a master fader. 
Programmes are carefully worked out using the 
most suitable items from the B.B.C. transmissions 
and filling in the remainder of the time with gramo- 
phone records. Two microphones are provided with 
independent controls, one for use by the duty 
announcer and the other by guest announcers. 

The output from the announcer’s console is taken, 
via the necessary pre-amplifiers, to the final amplifier 
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consisting of three 100-watt units in parallel. A 
total of 92 loudspeakers is arranged in five groups, 
each of which is working at different levels. These 
groups are separately connected to the level adjusters 
on the main racks and thence back to the output 
amplifiers. 

The sound reinforcement system, also supplied 
by G.E.C., consists of a small amplifier; for con- 
venience this is mounted on the same racks as the 
other sound apparatus, and _half-a-dozen loud- 
speakers installed immediately outside the B.B.C. 
studio. The input for this amplifier is supplied 
directly from the B.B.C. control room, and is a 
complete relay of everything happening in the studio. 
Consequently, in addition to the artists taking part, 
visitors will also hear the producer’s instructions, 
etc., during rehearsals. The sound level from the 
loudspeakers is under the direct control of the duty 
engineer at the main sound racks 

Interference is, of course, one of the bugbears of 
such an exhibition, and as in previous years the 
responsibility for determining whether apparatus is 
of an interfering type or not has been delegated to 
Belling & Lee. This company, together with the 
technical officers, is completely responsible for inves- 
tigating complaints from exhibitors and seeing that 
the necessary measures for suppressing any interfer- 
ing devices are taken. In order to reduce this work 
as much as possible certain types of articles, such 
as commutator motors and high voltage discharge 
lighting, are barred. 

It is not generally realised how much work is 
involved, firstly in clearing such an exhibition, and 
then keeping it free from interference, but the 
importance of such work is obvious, as one source 
can completely blot out the whole television 
programme. 

Not only is it necessary to investigate the appara- 
tus used on exhibitors’ stands, but the whole of 
the services throughout the building must _ be 
adequately cared for. Perhaps the worst offender, and 
certainly the most difficult to locate, is the medical 
apparatus which may be in use in the district, 
frequently a considerable distance from the exhibi- 
tion itself. The effective clearance of all interference 
needs the active co-operation of all concerned. 

Television Avenue is another of the features for 
which the technical committee is largely responsible. 
Here some 35 booths, each with a 9 ft. frontage, 
are arranged in the form of a ‘“‘U.’’ Each booth will 
contain between 1 and 4 _ television receivers. 
Lighting in the gangway will be provided by 
reflected light from illuminated signs, outside each 
booth, which permit a certain amount of upward 
light. Inside the booth a maximum of 50 watts is 
permitted and this will consist of a lamp on each 
side wall, placed above eye level and 2 ft. from 
the back wall; these lamps are screened from front 
radiation. This arrangement will provide sufficient 
light to simulate normal home viewing conditions, 
and will prevent glare to visitors and reflexions to 
other receivers across the gangway. There will be 
about 80 different television receivers working in 
Television Avenue—therefore care has to be taken 
to ensure that the volume of sound is kept to quite 
a low level in order to prevent it becoming un- 
bearable in such a relatively small space. 
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Anodizing Aluminium Sheet 


Condensed from an article in the May, 1950 issue of “ Q.S.T.”’ 


T is perfectly possible for any amateur to produce 

aluminium panels with a jewel-hard surface, in any 
colour he may desire. The method is not in the least 
critical. Some of the materials used should be 
treated with a degree of respect, but they are by nc 
means really dangerous. Let us examine the pro- 
cedure step by step. 


Preparing the Metal 


The first step is that of cleaning the metal. A 
thumb print or smear of grease or oil will persist and 
ruin the finished product. When the work is ready, 
give it a good scrubbing with soap and hot water and 
let it dry thoroughly. Holding it by the edges, wash 
it down with a cloth dipped in thinners, lacquer 
remover or almost any good solvent except carbon 
tetrachloride. Set it on a paper towel or clean news- 
paper to dry. From here it is better not to touch 
the surface of the metal with the bare hands. Pick 
it up with a piece of rag or a paper towel. 

The second step is the old faithful so commonly 
used to such good effect. Get a pound tin of house 
hold caustic potash from the grocery. Dissolve it in 
warm water. An ordinary tin bucket is a satisfac- 
tory container. A better one is a large enamel dish- 
pan which can be used in later steps of the process. 
Submerge the work, tied on the end of a piece of 
string, in the potash solution. It will immediately 
begin to bubble and, as time goes on, the shiny sur- 
face will change to a velvety matt. Remove the work 
from the solution from time to time and choose the 
degree of matt most pleasing to yourself. The work 
should then be taken out and thoroughly washed in 
hot water and put to dry over a hot stove or in a low 
oven. There are two important precautions to 
observe. Do not put the potash solution in an alumi- 
nium pan. A potash solution should be handled with 
respect. If you get splashed, rinse it off at once. It 
will not do much damage if a little gets on your 
hands, but it should be kept away from the face and, 
above all, the eyes. 

Anodizing 

During the war aluminium was almost invariably 
specified as “anodized”. This sounds very impres 
sive, but, like so many things, a little analysis shows 
that there is nothing very tough about it. The term 
simply means that the outer surface of the aluminium 
panel is changed to aluminium oxide. The oxide is 
the identical stuff of which many precious stones are 
made. It is literally ‘‘hard as rubies’’ and, inciden. 
tally, is an excellent insulator. 

First we want some b.c. The totally unfiltered 
output from a half-wave rectifier is perfectly satis- 
factory. In amateur practice 12 volts is plenty and 
quite a good job can be done with 6 volts from a 
storage battery. If the current is low, it simply 
means that the work must remain in the solution 
longer for a given amount of anodizing. 


Acid Solution 


The battery department of the local garage should 
be able to supply the acid. If you want to make an 


exact mix, find out the specific gravity of the acid. 
The standard commercial figure is 1.84. Weigh the 
acid, and work out what an equivalent amount of 
water will weigh. Thus, 10 oz. of acid will represent 
18.4 oz. of water. Now, let us take a 20 per cent 
solution. We will need 10 oz. of 1.84 s.g. acid and 
73.6 oz. of water. In practice any commercial 
sulphuric acid plus about eight times as much water 
by volume will be satisfactory. 

Put the water in the enamel dishpan or some other 
non-metallic container. Alternatively, use a large 
aluminium dishpan and let the container itself serve 
as the negative electrode. Pour the acid slowly into 
the water. Do not on any account pour the wate: 
into the acid. Suspend the work in the solution, but 
do not connect it with a copper wire. The wire (or 
strip) supporting the work and carrying current tc 
it must be of aluminium wherever it is submerged 
in the solution. Connect the work to the positive 
terminal of the p.c..supply. The negative electrode 
may be any old piece of scrap aluminium suspended 
in the solution at any convenient spacing from the 
work and connected with an aluminium wire or strip. 
As mentioned above, the solution can be put in an 
aluminium container and the negative lead connected 
to the container itself. 


After half an hour’s electrolysis, give the work a 
good rinse in hot water and then dry it over a hot 
stove or in a slow oven. When it is dry it will not 
look much different except for a slight varnishy 
sheen. Put the ohmmeter on “‘megohms’’ and touch 
the two prods lightly to the panel. If it reads open 
circuit as you move the prods gently about, then you 
have done your job. If it reads some resistance here 
and there, put the work back in the bath again. As 
a matter of procedure it is a good idea to start off 
with the work and another control piece of aluminium 
connected together as the positive anode. You can 
take out the control piece for tests. It will be smaller 
and easier to handle, and if you smear it it does not 
matter. 

When you have a good anodize film on the work, 
dry it off as earlier and set it on a clean towel o1 
newspaper ready for the next and last step. 


You can take your anodized panel and dye it any 
colour you want. Using an ordinary household dye, 
make a dye bath of twice the strength called for on 
the package. Some improvement comes from dis- 
solving the dye in methyl alcohol. Add a dash of 
acetic acid (ordinary white vinegar will do)—about 
a tablespoonful. Sink the freshly-anodized panel in 
the bath. Take it out half an hour later. All that 
remains to be done is to give it a steam treatment. 
An inch of water in the bottom of a bucket placed 
on the stove will generate all the steam you need. 
Put the work in the bucket and suspend just clear 
of the water. Throw a towel over the top and let 
it steam for 15 minutes. 

To set the dye, dissolve nickel acetate in boiling 
water at a concentration of 5 grammes per litre. Sub- 
merge the dyed work for 15 minutes. Remove the 
work, wash and dry. 
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Rome Ultrasonics Convention 


By G. BRADFIELD 


he is somewhat of a puzzle that ultrasonics, which 
can provide most spectacular laboratory experi- 
ments in emulsification, disintegration, smoke 
precipitation and the destruction of bacteria, has not 
found more widespread application in industry. The 
International Convention on Ultrasonics at Rome, 
which took place from June 14 to June 17 illustrates, 
however, the increasing attention being paid to this 
subject, for it attracted about 120 delegates from over 
a dozen different countries, including Great Britain, 
U.S.A., France, Italy, Germany, Belgium, Holland, 
and Switzerland. The Convention was organized by 
the Italian National Council for Research (C.N.R.), 





Fig. |. 
**Impulsaphon ’”’ ultrasonic therapy equipment made by 
Ultra-Schall-Geratebau Dr. Born G.M.B.H. 


and the Physical Society supported by the Inter- 
national Union of Pure and Applied Physics 
(U.I.P.P.A.) and. by U.N.E.S.C.O, Professor 
Giacomini, the director of the O.M. Corbino, the 
Research Institute of C.N.R., was responsible for 
much of the organization and planning of this Con- 
vention, which proved to be highly successful and full 
of interest. 

One part of the Convention was devoted to an 
exhibition of commercial ultrasonic equipment, and a 
considerable number of firms, French, German and 
Italian, took advantage of this opportunity to display 
and to demonstrate their apparatus. There was a 
great variety of ultrasonic equipment for medical pur- 
poses, all in a high state of technical development. 
One such equipment, made by Ultra-Schall-Geratebau 
Dr. Born, G.M.B.H., of the smaller type, but still 
adequate for many applications, is illustrated in Fig. 
1, the sound head on its connecting cable being shown 
on the left-hand side. The instrument operates from 
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A.C. mains of from 110 to 220 volts, some control being 
provided to avoid serious change of output with mains 
fluctuations. The consumption is less than 100 watts. 
The frequency of operation is one megacycle, and a 
maximum of 15 watts is delivered to the radiating 
head, which has an area of about 5 sq. cm. The 
intensity is adjustable from 0.5 to 5.0 watts per sq. 
em. Provision is made so that the output can be 
delivered in bursts at 100 p.p.s., alternative activity 
ratios of 1/15, 1/10 and 1/20 being available. The 
dimensions are approximately 16 in. by 12 in. by 8 in. 
and the weight about 26 lb., the head itself being only 
about 3 lb. (Type “J - A clock is built into the 
equipment to indicate dosage time accurately. In 
this particular device no water cooling is provided, 
but more complex equipments were available with 
automatically controlled water cooling, a sectional 
view of the sound head of such a device made by 
Ultrakust-Vertrieb G.M.B.H. being illustrated in 
Fig. 2. This is fed from a low-voltage cable via a 
built-in matching transformer. In certain equipments 
the radio frequency oscillator was crystal controlled 
with several amplifier stages delivering power to tlie 
output quartz transducer. 

A Belgian Ultrasonic Flaw Detector by Ateliers de 
Constructions Electrique de Charleroi (A.C.E.C.) was 
on show and was also demonstrated by M. Home in 
the course of one of the lectures. The demonstration 
showed the detection of an air film by a straight- 
through transmission test on a laminated material. 
The equipment in question is illustrated in Fig. 3, and 
consists of three electrical units, together with quartz 
crystals for receiving and transmitting, each mounted 
in a test head or probe on the end of a long cable. 
The frequency of operation was one megacycle and 
either c.w., frequency modulated (with a sweep of 
75 ke/s. repeated 300 p.p.s.) or amplitude modulated 
at 100 c/s. In testing for flaws in laminated 
materials the probes are placed opposite each other 
with the sheet under test between them and, as is 


. Fig. 2. 
Water-cooled radiating head with cable matching. Made by 
Ultrakust-Vertrieb G.M.B.H. 
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well-known, an air film of the order of .0001 in, will 
cut down the strength of the mechanical wave being 
transmitted very markedly, provided that the lateral 
dimensions of the flaw are sufficient to give a 
‘“« shadow ” effect. In general an area of flaw of a 
few per cent of the beam area is sufficient for detec- 
tion, when using a sensitive indicator. For this pur- 
pose the alternative means provided were a meter, 
a loud speaker (giving a 300 c/s. signal) and three 
lamps (good transmission, feeble and bad). Segrega- 
tions can be revealed in certain circumstances and, by 
searching, holes of a fair size can be detected and 
their approximate position indicated. It appears that 
the equipment can be used for iron and steel castings 
as well as for forged and rolled metals and for certain 
laminated insulating materials. Among other probes, 
one of novel construction termed ‘“‘ palpeur turges- 
cent ’’ is of interest. It has a dome-shaped sheath 
over the quartz crystal (see Fig. 4) enclosing a special 
liquid. These probes, generally used moistened with 
oil or water, can, it is stated, be applied to quite 
rough surfaces, although care appears to be necessary 
that the inclinations of the axes of the probes be 
correctly adjusted. 

In comparison with the above the British system of 





Fig. 3. 
The ultrasonic testing equipment ‘‘ Uitrarouel’’ being used to 


detect laminations in sheet steel. (Ateliers de Constructions 
Electrique de Charleroi) 


flaw detection as used in the Kelvin-Hughes equip- 
ment was discussed by various delegates in the course 
of the lectures. This operates on the ‘ radar ”’ 
principle, thus giving both range of flaw and, by 
searching or scanning, its plan position. It is 
naturally a much more complex equipment but, on 
on account of its indication of range, it is necessarily 
very versatile and has already given valuable service 
for many years in industry. 

One other equipment may be mentioned. This is a 
commercial German equipment for high intensity 
irradiation by ultrasonics in which up to 300 watts of 
power are fed to six quartz crystals housed on the 
faces of a short hexagonal prism at the end of a 
rotating arm. This arm is inclined at about 30° to 
the vertical and rotates about a vertical axis with 
the head immersed in a bath of the liquid to be 
irradiated. It is claimed that this special method 
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Fig. 4. 
Cut-away view of special A.C.E.C. flaw detection probe ‘‘ Palpeur 
Turgescent ”’ 


reduces the effect of standing waves. The main appli- 
cation appeared to be to age spirits (such as whisky) 
and it was stated that this ageing was accomplished 
in half to three-quarters of an hour. 


Proceedings of the Convention 


During the opening session, Professor Giacomini 
described the work of the Institute O.M. Corbino and 
the trend of researches for the future. Later, during 
a tour by the delegates of his organization, many 
demonstrations were witnessed which aptly illus- 
trated the work. One group of researches at the 
Institute centred around the ultrasonic light valve, 
a device familiar in Great Britain because of its 





Fig. 5. 
Mullard ultrasonic soldering iron with 50 watt 20 kc/s. drive unit. 
Heating (extra) 100 watts, 50 c/s. 


employment in television by Messrs. Scophony, Ltd. 
One application was for the communication of speech 
and music by the modulation of a light beam pro- 
jected over a considerable distance. Other applica- 
tions included the accurate measurement of the velo- 
city of sound in liquids, the measurement of Poisson’s 
ratio in solids “aa the demonstration of the perfor- 
mance of ultrasonic lenses for focusing beams in 
liquids, a matter of importance in certain flaw detec- 
tor systems. Other activities included the measure- 
ment of pulsed ultrasonic radiation in terms of the 
audio-frequency voltage generated through radiation 
pressure on the diaphragm of a simple microphone, 
and the measurement of elastic constants of metals 
from liquid hydrogen temperatures up nearly to the 
melting point. 

Dr. L. Bergmann, who has been for many’ years 
actively engaged on ultrasonic research, for instance, 
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Fig. 6. 
Forms of barium titanate transducers 
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in the Bergmann-Schiafer photo-elastic technique, and 
who is also well known to all workers in this field 
through his up-to-date and authoritative book, ‘‘ Der 
Ultraschalls,’’ gave a brilliant review of the outstand- 
ing developments of recent years, ending with an 
exceptionally good film showing typical ultrasonic 
experiments of a fundamental nature. He illustrated 
applications of ultrasonics to industry by the Kelvin- 
Hughes and the Sperry Ultrasonic Flaw Detectors, the 
high power sirens used in U.S.A. for smoke precipita- 
tion, and the Mullard soldering iron for aluminium 
and similar oxidizable metals which employs ultra- 
sonic vibrations to remove surface films (see illustra- 
tion in Fig. 5). Ultrasonic work in Great Britain was 
covered in seven lectures by Messrs. Bell, Bradfield 
(of N.P.L.), Hillier (of I.C.I., Ltd.), King (Metro- 
politan-Vickers, Ltd.) and Stanford (Aluminium 
Laboratories, Ltd.). The first named dealt with the 
fundamental work proceeding at Newcastle under Dr. 
E. G. Richardson, on propagation in fluids. The 
work at the National Physical Laboratory included 
the development of methods of measuring with preci- 
sion the velocity of sound in metals, including single 
crystals, an accuracy of 0.5 per cent being attained 
in fair sized specimens and 1 per cent on specimens 
only a few millimetres in length. The properties of 
barium titanate were discussed for piezoelectric 
applications and it was pointed out that it had certain 
advantages over materials such as quartz and rochelle 
salt. Its polycrystalline nature facilitated its fabri- 
cation into unusual shapes, some of these being illus- 
trated in Fig. 6. At Fig. 6(A) is a transmitter capable 
of focusing sound onto a small area, while a tubular 
form can readily be made to yield a high density 
along its axis when vibrating in the thickness mode. 
In Fig. 6(B) is shown a form suitable for measuring 





pressure changes, while Fig. 6(C) shows an oscillator 
operating torsionally when polarized between c and d 
oppositely to e to f, an A.c. voltage being applied to 
electrodes ab. Fig. 6(D) shows a delay line which 
gives time lags of a few microseconds at b, ¢ and d 
on injection of a pulse at a. Fig. 6(E) shows a 
bimorph of barium titanate deformed under electrical 
stress, the shape being preferable for many purposes 
to Fig. 6(F), which is that which tends to be assumed 
by certain less symmetrical piezoelectric materials in 
bimorph form, for instance, rochelle salt. There 
seems little doubt that this new material will have 
widespread application, 

Mr. Hillier described the measurement of elasticity 
of high polymers, a 5 to 30 kc/s. magnetostrictive 
transmitter launching waves into filaments .020 in. 
thick, using a quartz crystal detector. The difficul- 
ties arising in the use of high intensity ultrasonics at 
a frequency of 200 kc/s. and at 45 watts per sq. cm. 
were discussed by Mr. King, successful results being 
reported with a 0.002 in. duraluminium foil (per- 
forated with a small central hole) over the radiating 
surface of the quartz crystal. 

Mr. Stanford described the investigation of the 
elasticity and damping of aluminium up to tempera- 
tures approaching its melting point using ultrasonic 
frequencies to resonate the specimen. He also gave 
a detailed account of many years successful experiente 
with the Kelvin-Hughes flaw detector in the alumi- 
nium industry. Testing of long bars can be carried 
out rapidly and thoroughly while in motion slowly 
past the test position. 

It has been proposed to investigate the performance 
of a model of an auditorium at ultrasonic frequencies 
in an attempt to forecast full-scale behaviour at 
audible frequencies. There are difficulties in the 
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general application of such methods due to the com- 
plicated frequency-absorption characteristics of many 
materials, but a simple case in the form of an open- 
air theatre was chosen by Dr. Canac for such an 
investigation and detailed measurements were re- 
ported on the performance of the model, showing the 
value of the method. 

One often wonders how much activity exists at 
ultrasonic frequencies in the various sources of vibra- 
tion encountered in every-day life. Messieurs 
Chavasse, Lehmann and Grognot reported on an 
investigation of this type using such sources as elec- 
tric drills, pneumatic drills on concrete, centrifugal 
compressors, turbo-reactors, jet engines and insects 
such as bees. In the case of jet engines there was 
considerable intensity over the range 16 to 50 ke/s. 
Detailed spectrograms were given which had been 
taken on an automatic recorder-analyser. 

The great activity in the fields of biology and of 
therapy has already been emphasized. The action of 
ultrasonic radiation in these applications is by no 
means fully understood, and this is perhaps to be 
expected, since the effect depends very much on 
intensity, as well as on other factors. For instance, 
it has been found that the development of an embryo 
was accelerated by irradiation at lower intensities, 
but higher intensities were definitely harmful. In 
general there appear to be two effects, one thermal 
and the other mechanical. The thermal effect is more 
marked at higher frequencies, but it must be 
remembered that these are more readily absorbed by 
animal tissue and so do not penetrate as far as the 
lower frequencies, while the latter seem to be more 
potent mechanically. Some equipments available 
commercially provide alternative frequencies of 1 and 
8 Mc/s. for this reason. While higher intensities, for 
instance over about 4 watts/cm’, produce irreversible 
changes, breaking up animal tissue itself, lower in- 
tensities, apart from thermal action, appear to 
accelerate certain chemical reactions, cause liquefac- 
tion of certain gels and increase the circulation of 
natural fluids through cell walls and membranes. The 
action on nerve cells does not happen instantaneously 
and it seems to continue even after the irradiation has 
ceased. An attempt has been made to use this time- 
lag in an effort to reduce the thermal effect of irradia- 
tion, which is often unwanted; with this object equip- 
ments have been developed which act intermittently, 
so that power is only radiated for 5 per cent, 10 per 
cent or 20 per cent of the time when necessary. It is 
thought that this provides times (about 0.01 second) 
of zero heating, during which the excitation of the 
nerves still persists. Apart from this effect there may 
be after-effects which become apparent after periods 
of an hour or more, although these are the results 
of too intense an irradiation. The dosage to be 
administered has to be accurately determined there- 
fore, and while some equipments take care of this by 
incorporating calibrated controls, others contain a 
built-in system for monitoring the radiation obtain- 
able from the radiating head itself. 

A great deal of study has been devoted to the cura- 
tive action of ultrasonics, especially by French, 
German and Italian workers. At the Convention in 
Rome some 80 papers were delivered on this subject, 
and a book on the subject, edited by Dr. R. Pohlmann, 
entitled ‘‘ Die Ultraschalltherapie ’’ has just been 
made available. Although no hard and fast rules of 
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treatment can be adopted at this early stage, an 
approximate guide has been evolved listing about 40 
ailments and giving rough estimates of appropriate 
values for intensity, which vary from 1 to 5 watts / 
cm’, treatment time, which varies from 2 to 12 
minutes and number of treatments, which must neces- 
sarily be very dependent on results and may be up to 
about 14. Affectations of the rheumatic type, including 
arthritis, form an important class which has been 
widely treated, while cases of neuralgia and bronchial 
asthma seem to have reacted favourably. Abscesses, 
carbuncles and certain similar troubles have also been 
treated. While it is clearly impossible to predict that 
benefit would result in any particular case, systematic 
analyses of results has been carried out and it seems 
to have been established that marked improvement 
has occurred in a great number of instances, even 
when alternative treatments had met with no suc- 
cess. Needless to say, expert medical supervision is 
essential in any application of ultrasonic radiation, 
since harm can occur with incorrect use, and gross 
misuse might even be lethal. In skilled hands, how- 
ever, there seems little doubt that we have here a 
new means of healing which is likely to find valuable 
application in the future. 

Acknowledgment is made to the Director, National 
Physical Laboratory and to the Comptroller, H.M. 
Stationery Office, for permission to publish this 
account. Acknowledgment is also made for permis- 
sion to publish certain figures: Ultra-Schall- 
Geraitebau Dr. Born. G.M.B.H. (Fig. 1). Ultrakust- 
Vertrieb G.M.B.H. (Fig. 2), Messrs. Ateliers de Con- 
structions Electriques de Charleroi (Fig. 3), and to 
the Mullard Radio Valve Co., Ltd. (Fig. 5). 
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A= building erected alongside the B.B.C. 
Engineering Research Department’s headquarters 
at Kingswood Warren, Banstead, Surrey, will this 
month become the home of the Television section. 
Studio space of similar size to that at Alexandra 
Palace will be available, together with an open-air 
roof studio and a large viewing room, 

In the main this Section is concentrating on a pre- 
cise evaluation of the possibilities of higher-definition 
systems and colour. For this purpose a vision channel 
has been developed and built which can produce at 
will 405, 525, 625, or 819 line pictures having balanced 
horizontal and vertical resolution, and which can also 
be used for determining the effects of restricted band- 
width and other forms of distortion on pictures having 
these standards of definition. In addition, an experi- 
mental colour channel has been constructed in order 
that the engineers may gain first-hand experience of 
the potentialities and problems of colour television. 

Of more immediate application are the experiments 
on co-channel interference between television trans- 
mitters. A thorough study of the interference result- 
ing from transmitters on the same or neighbouring 
carrier frequencies has been made, and the criteria 
for successful channel sharing have been determined. 
These results are of immediate importance since the 
B.B.C. has at its disposal only five channels, which 
will eventually be shared between ten transmitting 
stations. 





Se 





Si ee le ee ek i ee ee i a. 





1950 


e, an 
ut 40 
priate 
atts / 
to 12 
1eces- 
up to 
uding 
been 
ichial 
esses, 
been 
that 
natic 
eems 
ment 
even 
suc- 
on is 
tion, 
ZrOSs 
how- 
re a 
able 


ional 
1.M. 
this 
mis- 
hall- 
‘ust- 
Con- 
1 to 


2C. 
ters 
this 
ion. 
dra 
-air 


re- 
ion 
nel 

at 
ced 
Iso 
nd- 
ing 
ri- 
Jer 


on. 
nts 
ns- 
it- 
ng 
ria 
sd. 
he 
ch 


ng 








September, 1950 











Electronic Engineering 395 























A. Simple Vibrating Condenser Electrometer 


By D. G. A. THOMAS 
(A.E.R.E. Harwell) 


and H. W. FINCH 
(E. K. Cole, Ltd., Electronics Division) 


A simple vibrating condenser electrometer is described for measurement of small D.C. 

currents and voltages at high impedance. The full-scale sensitivity may be 3 x 10-14 amps. 

or 30 mV, and fluctuations of zero correspond to about |0~}> amps. or | mV, day to day 

under normal laboratory conditions. An application to ionization current measurement is 
discussed. 


There are many applications for directly-connected 
amplifiers in the measurement of small currents and 
voltages, and it is well known that in a conventional 
direct-coupled thermionic amplifier the overall sensi- 
tivity is limited primarily by the drift in charac- 
teristics of the input valve. Although figures for day- 
to-day stability better than 1 mV are reported for 
certain direct-coupled amplifiers, these generally 
depend on careful balancing of circuits or highly 
stable power supplies, and it the author’s experience 
that a day-to-day stability better than 15 mV is not 
readily achieved in equipment subjected to normal 
use, including perhaps frequent switching on and off 
or transportation between different laboratories. 


The design and performance of a vibrating con- 
denser electrometer for such measurements has been 
déscribed by Palevsky,’ and as a result of careful pre- 
paration of the surfaces of the plates of the vibrating 
condenser, zero fluctuations of a few tens of micro- 
volts have been quoted. One of the most important 
applications is to ionization current measurement, 
where the electrometer is used to measure the voltage 
generated across a high resistance or capacitor, and 
in many instances a simpler instrument of reduced 
sensitivity is useful. The present electrometer has 
been designed for quantity production with this in 
mind, and the zero fluctuations amount to about 1 mV 
over 24 hours. For the majority of purposes this 
limited stability, corresponding to 10-* amps. in a 
10” ohm resistor, has not been a serious disadvantage, 
partly because at lower currents other sources of 
error (noise in the input resistor, statistical fluctua- 
tion of the input current) become significant. For cur- 
rents less than 10-" amps., it is normally more satis- 
factory to replace the input resistance by a capacitor 
and make a measurement by the rate-of-drift method. 
Initial work on the design of the instrument was 





carried out at the Atomic Energy Research Establish- 
ment, Harwell, and later development and production 
at Messrs. E. K. Cole, Ltd., Malmesbury. 


The design of the vibrating condenser electrometer 
is based on the fact that amplification is more easily 
carried out with a.c. than with p.c. The input D.c. 
potential is therefore converted to a.c. by applying it 
through a series resistance to the plates of a capacitor, 
the capacitance of which is oscillating at some 
convenient frequency (here 550 c/s.). The mean 
voltage is that applied, but the instantaneous voltage 
is proportional to the reciprocal of the instantaneous 
capacitance. An a.c. voltage is thus developed of 
amplitude proportional to the input p.c, This is 
passed through a special high-insulation capacitor to 
a conventional a.c. amplifier, and subsequently recti- 
fied. The oscillating capacitor may take one of 
several forms; for example a rotating vane in 
proximity to fixed vanes, a diaphragm vibrating near 
a fixed plate, or a reed vibrating near a fixed plate. 
In the present design an earthed, polished, stainless 
steel reed is maintained in resonant oscillation close 
to a polished steel disk or ‘‘ anvil ’’, to which the in- 
put is applied. This choice was made because the 
power required to drive a reed at resonance is small, 
and no wiping contacts are required (in the case of a 
rotating vane capacitor, the shaft would be earthed 
through some form of sliding contact which could 
prove troublesome, although it may be noted that the 
rotating shaft could very conveniently be made to 
work a rectifier using synchronous contacts). Owing 
to the fact that the variable capacitance is shunted 
by unavoidable stray capacitance (e.g., the input of 
the a.c. amplifier) the change is not a large fraction 
of the total, and the conversion efficiency may be 
between 10 per cent and 25 per cent. 
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The output of the a.c. ampli- 
fier is rectified, using a phase- 
sensitive rectifier, and applied 
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. . A.C. AMPLIFIER PHASE CATHODE | 
to the input as negative feed- GAIN vi0* SENsiTive | | FOLLOWER 
back, as indicated in Fig. 1. - RECTIFIER 
In this way the electrometer ti 
acts as a null detector in feed- if —<— main- | | 
ing back a voltage equal and (s50¢) TAINING - 
opposite to the input voltage, DRIVING > aoe ‘ 
and variations in the gain of COIL _ 
the amplifier are of secondary ; . 
importance ee When current Block whmintiadl be Electrometer 


is measured, a _ voltage is 

developed across a high resistance and is detected by 
the electrometer. The earthy end of this resistance is 
very convenient point for the application of the feed- 
back. 


Fig. 2 is a section of the vibrating reed unit. The 
reed is valve-maintained in resonant oscillation, using 
a magnet coil assembly taken from a pair of high 
resistance earphones. This arrangement using an 
aperiodic maintaining circuit was considered prefer- 
able to driving the reed from an independent oscil- 
lator, since it eliminates the need for a frequency 
adjustment. Further, if the reed is driven by a 
separate oscillator at or near resonance, as it must be 
to obtain adequate amplitude with small input power, 
a small drift in oscillator frequency produces rela- 
tively large changes of phasing which adversely affect 
the operation of the phase-sensitive rectifier circuit. 
The anvil is mounted on a block of polystyrene and is 
fitted with a screwed shank to permit adjustment of 
the gap. The amplitude of oscillation is about .02 in. 
and the minimum gap is about .005 in. These figures 
are not critical but are chosen as a compromise since, 
although the fractional change in capacitance should 
be as large as possible, the amplitude of oscillation 
should not be such as to produce excessive vibration 
of the associated valves and insulators, and the gap 
should not be much less than .005 in., owing to the 
risk of dust particles producing intermittent short 
circuits. A cylindrical capacitor of moulded construc- 
tion (polythene dielectric, 10 pF capacitance and in- 
sulation resistance approaching 10” ohms) is used to 
feed the a.c. to the amplifier input, and this is made 
integral with the anvil assembly. The reed and anvil 
surfaces are polished and carefully cleaned with 
methyl alcohol before assembly. A test of satisfac- 
tory cleaning is to breathe on the surface, when con- 
densation should be in an even film, free from all 
traces of spotting. 


Figs. 3(a) and (b) show the circuit arrangement. 
The vibrating reed unit, together with the first ampli- 
fying valve V1 and the cathode follower V2. is 
mounted in a head amplifier directly on the ionization 
chamber, in order to avoid the use of cables in the 
input circuit, with associated microphonic effects. The 
head amplifier takes the form of a sealed box, 
measuring 6} in. by 5} in. by 4 in., dried with a silica 
gel desiccator, to maintain a high insulation and keep 
the reed and anvil surfaces free from moisture. The 
remainder of the circuit, including power supplies and 
a 3} in. indicating meter, is mounted on a 5} in. by 
19 in. rack panel, measuring 10 in. from front to 
back. V1, V3 and V4 form an a.c. amplifier, the 
frequency pass band of which is determined by the 


components in the anode circuit of V3. V2, the out- 
put cathode follower of the head amplifier, is provided 
to permit long interconnecting cables (up to 200 ft.) 
to be used between the head amplifier and the main 
unit without the performance being impaired. V1 is 
operated at lowered potentials to raise the input 
impedance, since, although, owing to the p.c: block- 
ing capacitor, this need not be comparable with the 
D.c. input impedance before the convertor, the time 
constant of the vibrating capacitor capacitance 
(including strays) and valve input resistance (includ- 
ing leaks) must be long compared with the periodic 
time of the reed oscillation (550 c/s.). The cathode 
of V4 is taken to a negative potential for convenience 
in connecting the phase sensitive rectifier V5. V8 is 
the reed maintaining valve, consisting of two triodes 
in parallel. The grid is driven by one of the coils on 
the reed-driving magnet, and the anode feeds the 


Fig. 2 
Cross-section of the vibrating reed unit 
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factory operation of the recti- 
fier depends on correct phas- 
ing of the signal and reference 
voltage, and to prevent phase 
shifts being introduced when 
the amplifier is overloaded, 1 
M2 grid stoppers are used 
with V3 and V4. _ Inspection 
points are provided for check- 
ing the phasing with a double 
beam oscilloscope. 

The output from V7 cathode 
is taken to a 0-1 mA meter, 
and negative feedback to the 
input taken from a_ tapped 
potentiometer in parallel with 
the meter. The diode V6 pre- 
vents damage to the meter as 
would occur if the grid of V7 
were driven positive under 











overload conditions. Four 
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Fig. 3.(a) 


Circuit of the vibrating reed unit and reed amplifier 


Fig. 3 (b)—the remainder of the circuit—is shown on page 398 


other coil. Oscillation at the natural frequency of the 
reed takes place, and spurious high frequency oscilla- 
tions arising from the direct coupling between the 
—_ is prevented by the capacitors across the anode 
coils. 

The phase-sensitive rectifier V5 is a cathode-coupled 
double triode, the current of which is switched from 
one anode to the other as a result of the waveform 
from the oscillator applied to the right-hand grid. In 
the absence of signals at the grid of V4, the standing 
anode current of V4 is shared between the two anodes 
of V5, and the grid of the cathode follower V7 (con- 
nected to the right-hand anode of V5) rests at about 
earth potential. If a signal arrives at V4 grid in 
phase with the reference signal at V5 grid, the poten- 
tial of the right-hand anode of V5 falls proportionately 
to the signal amplitude; if the signal is in anti-phase 
with the reference, this anode potential rises. Thus a 
D.c. voltage appears at V7 grid of amplitude pro- 
portional to the a.c. signal, and of polarity dependent 
on the phase of the a.c. The circuit has the advan- 
tage that no transformers are used, and no load is 
imposed on the source of reference waveform. Satis- 





ranges are provided giving 30 
mV, 100 mV, 300 mV and 1 
mV, full scale. Without feed- 
back, full scale on the meter 
corresponds to 2 mV bD.c. at 
the input. Means are pro- 
vided for operating a 0-1 mA 
pen recorder or a 0.100 mV 
recorder if required, and the 
circuit is compensated 
for the resistance of the 
instrument so introduced. Zero adjustment is carried 
out by injecting a voltage in the feedback line; the 
voltage is taken from the slider of the set zero poten- 
tiometer via the resistances R39 and R40. A relay 
in the head amplifier is provided to short-circuit the 
input resistance when it is required to set zero with- 
out breaking the input circuit. 


The power supply is conventional and provides +200 
and —100 volts stabilized. Owing to the low u.rT. 
consumption (18 mA) a voltage doubling circuit is 
used, and this helps to keep down the dimensions of 
the mains transformer. The operation of the electro- 
meter is unaffected by variations of +15 per cent in 
mains voltage. The power consumption of the equip- 
ment is 40 watts. ° 








Performance 


Fig. 4 is a record of the zero drift measured with the 
input short-circuited and with a 10” ohm input resis- 
tance. An effect which seems to be common to all 
vibrating condenser electrometers is that after instal- 
ling a new or freshly cleaned reed or anvil, the con- 
tact potential starts at some value, and after a few 


Fig. 4. 
; Zero drift record 
Taken with a 0-1 mA pen recorder; ! mA corresponds to 50 mV at the electrometer input chart, speed 3 in. per hour 


A. With input resistance short circuited. 


B. With 10! ohms input resistance 
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days relatively rapid drift settles down to 
a new value. Generally the contact 
potential diminishes during this initial 
ageing period. When the reed and anvil 
have been aged, the electrometer can be 
switched off for several days without 
needed re-ageing, although a slightly 
increased drift is then to be expected 
when the instrument warms up. Before 
adopting stainless steel for the reed and 
anvil, electrodeposited gold was tried, 
but was found to give inferior results. 
Although considerably greater stability 
could be expected from evaporated gold 
surfaces as described by Palevsky, this 
was not considered to be warranted for 
the present instrument. An indication 
of the quality of the reed and anvil 
surfaces is given by the minimum a.c. 
signal generated at balance. Theoreti- 
cally this should be zero when the electric 
field is zero, but with the reeds and anvils 
used it has a value of up to 2 mV, pre- 
sumably due to impurities (scratches 
and pitting) causing irregularities in the 
surfaces. The magnitude of this effect 
is useful for assessing the quality of the 
reed or anvil without awaiting comple- 
tion of the ageing period. Trouble was 
at first experienced with direct pick-up 
between the reed driving circuits and the 
input valve V1. This took two forms: 
direct electrostatic pick-up from the 
driving circuit and microphonic pick-up 
from the vibration of the reed, and it was 
eliminated by shielding, and anti-micro- 
phonic mounting for V1. 

With a 10” ohm resistance in circuit, 
zero fluctuations are greater, largely 
because the action of the negative feed- 
back is no longer instantaneous. If a 
capacitor of capacitance 5-10 pF is con- 
nected in parallel with the high resis- 
tance, the fluctuations do not greatly 
exceed those with the input resistance 
short circuited, although the response 
time of the instrument is then lengthened. 
Alternatively, the input resistor may be 
replaced by a capacitor for measurement 
of charge, and a simple modification to 
the input circuit of V1 enables the exist- 
ing highly insulated capacitor to be used 
for this purpose at the same time as 
serving as the A.c. coupling capacitor. 

A number of electrometers have been 
used in conjunction with pressure ioniza- 
tion chambers for gamma-ray measure- 
ments at low intensity. The ionization 
chamber gave a current of about 10-™ 
amps. of the natural gamma- and cosmic- 
ray background and 5 x 10” ohm input 
resistances were used in the electrometer. 
Under laboratory conditions, changes in 
background of 20 per cent or more were 
immediately detectable. Smaller changes 
could be detected using a capacitor in 
parallel with the input resistor, as 
described above, to lengthen the response 
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The Cathode Follower as a 
Voltage Regulator 


By A. P. WILLMORE 


T HE cathode follower can be used as a simple and 
fairly efficient voltage stabiliser. A brief analysis 
of the circuit of Fig. 1 will be presented. 
If linear characteristics are assumed, then when 
t= 6 = 0, 
2 i alee "| | a eA Cor PCE CCRC ER LEITe (1) 
Thus, with an applied voltage ex, using (1), 
ia = gm(ec + e1/# — eo) — €o/ a 
since (es + e:/# + éo) is the change in grid-cathode 
voltage, and e is the change in anode-cathode voltage. 
eo = ares — eo(gmn+ri/ rs) 
eg + ei/ r 
“ey 19) pe (2) 
Since gmm>>1, m has only a minor effect on eo. 
Fluctuations of e: are reduced # times. By a well- 
known result,’ the internal resistance of the supply is 
approximately 1/ gm. 

















Fig. |. 
Basic cathode follower circuit 


Two stabilizers of this sort are shown in Figs. 2 
and 8. The first, Fig. 2, employs a triode-connected 
SP61, which is very well suited, having a # of about 
75. The performance is summarized in Figs. 4 and 5. 
The internal resistance for an output between 1 and 
10 mA is about 150 2; the minimum value of 1/ gm 
over the working range is 110 2 which represents a 
fair agreement. The minimum output obtainable was 
5.5 V; the maximum, 250 V. 
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The cathode follower in Fig. 3 is an 807 triode- 
connected. While this mode of operation is not recom- 
mended by the manufacturers, the screen dissipation 
was not found excessive. When ez = 250 V the out- 
put varies by 10 V, or 4 per cent, for an increase in 
load from 0 to 10 mA and decreases by 5 V, or 2 per 
cent, more, for a further increase in load of 50 mA. A 
change in supply voltage from 800 to 400 V caused an 
output change of 8 V or 3 per cent. 


A disadvantage of the stabilizer is the need for an 
auxiliary supply of the same order as the required 
output voltage. This supply can usually be obtained 
quite simply, as the current demands are small and 
constant. For the stabilizers described above a 
350 rectifier was used, its A.c. supply being obtained 
from one ‘‘ leg”’ of the secondary winding of the 
mains transformer. This arrangement is adequate 
where, as is frequently the case with variable- 
voltage supplies, stability against mains voltage 
variations is not of great importance. Alternatively, 
this auxiliary supply may be obtained from small 
neons across the H.T. 


Two uses of the stabilizer will be considered in 
detail. The first is to increase the load that may be 








5—200V 
O—lOmA 


if 





Fig. 2. 
Mazda SP6I used as the cathode follower stabilizer 


stabilized by a neon tube. In particular, voltage 
reference tubes such as the Mullard 85al1 have a pre- 
ferred tube current range which is very limited. A 
stabilizer like that in Fig. 2 will enable the neon to 
be run under the best conditions. The output will 
remain constant to within less than 2 per cent for 
load changes from 1 to 10mA which is rather better 
than the performance of the neon alone, where the 
change would be more than 8 per cent. Further, the 





time and thus reduce the effects of statistical fluctua- 
tions of the gamma-rays. It was eventually found 
possible to carry out such measurements in a moving 
vehicle, (power supplies being obtained from a 
battery with a rotary convertor), but trouble was 
experienced due to collection of piezo-electric charges 
from the insulator supporting the ionization chamber 
collecting electrode; this was of quartz and had to be 
specially selected before satisfactory results were 
obtained. The zero stability of the electrometer was 
found to be virtually unaffected by the movement of 
the vehicle. 

The instrument could readily be adapted as a milli- 
voltmeter for pH measurements or general laboratory 


use. For the latter it would be preferable to insulate 
the reed from chassis and apply the feedback to it. 
The connexions to the driving coils would be reversed 
to give the correct polarity of feedback. 
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Fig. 3. 
Cossor 807 used in the circuit shown in Fig. 2 


load may have any value inside this range without 
causing a loss of stability. The noise output can be 
much reduced by connecting a bypass capacitor from 
the grid of the triode to earth. 

‘* Amplification ”’ of a reference potential is also 
possible. (Fig. 6). Since the voltage across R: is 
stabilized, that across R: is also. A change in the 
H.T. will increase materially the current through the 
neon tube, and this will increase the drop across R:. 
Hence, i: should be small compared with ii. The 
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Performance curve for SP6I 


circuit may be used to provide a high reference 
eon for a series-parallel type of voltage regu- 
ator. Since the stability against u.T. changes is not 
particularly good, it should be fed from the stabilized 
side of the series valve. The internal resistance will 
be that of the cathode follower, multiplied by the 
‘** amplification ”’ of the reference voltage, for any 
voltage changes across R: are amplified across R:. 
For such a reference source, Fig. 7, the internal 
resistance was 6002, About 20 per cent of any H.T. 


Fig. 5. 
Performance curve for SPé6l 
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Fig. 6. 
Amplification of reference potential 


changes appeared across the output. Five neon tubes 
85al in series give nearly the same voltage, but their 
performance would be inferior to that of the stabilizer, 
which is also more economical in valves. The a.c. 
resistance would be at least 1500°, and this resistance 
causes negative feedback in the parallel valve of a 
series-parallel regulator, thus reducing its gain. The 
lower A.c. resistance of the cathode follower usually 
more than offsets its dependence on the H.T. voltage 
when used in such a circuit. The advantages of a 
high reference voltage are twofold: the reduction of 
input voltage changes in the series-parallel combina- 
tion is practically proportional to it’, and the voltage 
across the amplifying valve is reduced, which may 
be useful at high output voltages. 

When the simplicity of the stabilizer is considered, 
its performance compares quite well with that of more 
complicated circuits. It is most useful at low cur- 
rents, where triodes of high # and high gm can be 
used. The internal resistance cannot be reduced 
much below 1002, unless paralleled valves are em- 
ployed. 

The author wishes to thank Mr. A. M. Willmore, 
who set up and tested most of the stabilizers. 

1 Almost any discussion of the cathode follower; Branierd and others. 
V.H.F. Techniques (P.221) is usually accessible. 


2¥F. A. Benson, “ Voltage Stabilisers,” Electronic Engineering, 21, 258, 
August, 1949. (Appendix). 


Fig. 7. 
Application of the circuit shown in Fig. 6. 
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(We do not hold ourselves responsible for the opinions of our correspondents) 


Magnet Lenses 


Dear Sir,—Mr. D. Hadfields 
article on ‘‘ Permanent Magnet 
Lenses for Television Tubes ” in 
your April issue contains some 
misleading statements. 

It is stated that ‘“‘ Apart from 
the influence of this force ’’ (due 
to the magnetic field) “‘.. . there 
is also the accelerating force due 
to the high anode potential 
above the cathode .. . thus 
causing the particle to travel in 
a helical path .. .”’. The helical 
path of the electron depends 
solely on the relative directions 
of the magnetic field and the elec- 
tron path. It is not necessary for 
the magnetic field to be accom- 
panied by any electric field, only 
that the electron has a component 
of velocity along the axis of the 
lens. In many television tubes 
there is no electric field in the 
space occupied by the magnetic 
lens. 

In the following paragraph this 
helical motion is described in 
greater detail but it is not clear 
that it is assumed that the mag- 
netic field is completely uniform. 
This means that the source of the 
electrons which is to be focused 
and the focused image are in the 
uniform field. 

Unfortunately these  descrip- 
tions of electron motion in mag- 
netic and electric fields tell us 
little or nothing about the focus- 
ing action of a practical magnetic 
lens, the statement concerning 
motion in non-uniform fields is so 
general as to be meaningless, and 
the electron path of Fig. 1 is 
grossly incorrect. In this dia- 
gramatic representation of the 
focusing of cathode-ray tubes the 
electron enters the magnetic field 
of the lens without any deviation 
and then suddenly commences 
innumerable convolutions which 
continue right to the luminescent 
screen, traversing, in the main, 
space free from all fields mag- 
netic and electric. This is con- 
trary to Newton’s First Law of 
Motion. 

I would suggest that the follow- 
ing direct approach gives a use- 
ful picture of what is actually 
happening to the electron. The 
electron leaving the cathode or 








passing through the crossover in 
the gun (the image of the cross- 
over is focused to form the 
spot) has axial and radial com- 
ponents of motion relative to the 
cathode-ray tube neck. The axial 
component is far the greater and 
the first part of the magnetic field 
which is encountered has a radial 
component. The initial move- 
ment of the electron is substan- 
tially at right angles to the radii 
and the axis of the tube. This 
movement is at right angles to 
the axial component of the mag- 
netic field and _ produces a 
secondary movement towards the 
axis, i.e., the tendency to focus. 
On the way out of the lens the 
radial field is in the opposite 
sense and this slows up the move- 
ment of the electron about the 
axis so that it leaves the lens 
without the component velocity 
at right angles to both the radii 
and the axis of the tube but with 
components towards and along 
the axis only. Jt should be noted 
that the axial velocity of the 
electron is the important one and 
that the angle through which an 
individual electron is twisted 
about the axis is quite small. It 
may be only 90 degrees. 

I should be interested to know 
on what evidence Mr. Hadfield 
bases the statement that for 
ovtimum focusing the axial field 
distribution is given by Hz = 
Ho/ (1+ (z/ay). 

I have always understood that 
the significance of this expression 
was that it approached the dis- 
tribution obtained with shielded 
coils and that it was convenient 
for a mathematical analysis of 
the short magnetic lens. Other 
workers do not give the para- 
meter a as the distance to the 
half-field-strength points but refer 
to that as d and define the sym- 
bol a in the expression above as 
a = d/uV(V2-1) where # 
approaches unity for a_ fully 
shielded coil. (See V. E. Coslett, 
Introduction to Electron Optics, 
0O.U.P., pv. 90.) 

In the last sentence on p. 134 it 
is stated that ‘ Astigmatism can 
be detected by rotating the mag- 
net coaxially with the tube, when 
its presence will be indicated by 


the spot becoming oval in shape 
instead of circular.’”’ If the axis 
of the lens coincides with the axis 
of the electron beam and the elec- 
tron beam is balanced uniformly 
about its axis the spot shape can 
not change as the magnet is 
rotated. The spot may not be 
circular but only when there is 
some form of aberration in the 
electric lens as well as the mag- 
netic lens will you get the 
phenomenon described in this 
sentence. 
Yours faithfully, 
Bryan R. Overton. 
Redhill, Surrey. 


Mr. Hadfield replies : 


‘Firstly, may I take this 
opportunity of thanking both 
Mr. Wayman’ and Mr. Overton, 
for their very interesting and con- 
structive letters dealing with the 
physical behaviour of travelling 
electrons under the influence of 
magnetic fields. 


Having now gone into the 
matter exhaustively, it would 
appear that the diagrammatic 


representation of focusing of an 
electron by passing through a 
magnetic field as shown in Fig. 1 
was not the most usual case, and 
probably only occurs remotely 
under extreme conditions. The 
simplest case, i.e., where the field 
is parallel and uniform over the 
whole of the electron path and 
the electron velocity constant, 
has been adequately described by 
Mr. Wayman, and diagrammati- 
cally may be as shown below :— 





FRONT 
ELEVATION 
LECTRONS EMITTED TUBE AXIS 
AT DIFFERENT ANGLES 
TO TUBE AXIS 
SIDE ELEVATION 
Fig. | 
The more complicated case, 


existing in practice, whence the 
magnetic field is non-homo- 
geneous, except over a very short 
distance, due to the “ thin ”’ 
magnetic lens is argued con- 


vincingly by Mr. Overton. Dia- 
grammatically this may be repre- 
sented as shown overleaf. 

The electron is emitted at a 
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REEN The angles between the tan- by G. Lehmann in 1937,’ and 

gents to the electron paths at the that an explanation was given by 

si? cont points where they leave and re- the present writer in the course 

ELeveTION turn to the axis, as viewed from of a paper dealing with a little- 

the front of the screen, may be known form of valve distortion. 
, —— greater than 90°, depending Interference is observed only | 
; ~~ largely on the strength and dis- from lamps of the high-vacuum. U 
certain angle in a region of little tribution of the magnetic field. type using A.C. What happens is C 
or-no field, and so travels in an Regarding Mr. Overton’s this: electrons emitted by the ; 
almost straight path away from criticism of the validity of the negative end of the filament are . 
the axis (a). However, it is formula for the optimum axial accelerated past the positive end, . 
entering a magnetic field of ever field strength distribution, a Striking the inside of the bulb. t 
increasing strength as it travels permanent magnet lens can be There is usually a thin layer of f 
towards the magnet, and due to looked upon as an approximation evaporated metal or other € 


this experiences an_ increasing 
force which acts in a direction 
mutually perpendicular to the 
directions of the electron path 
and the radial component of the 
magnetic field, and is thus 
deflected gradually in a path of 
a somewhat circular character 
(when viewed from the tube end) 
the radii of which reach a mini- 
mum value when the electron 
passes through the point of maxi- 
mum field strength during its 
journey to the screen (b). After 
passing through the region of 
maximum field strength, i.e., 
where the axis of the tube is tan- 
gential to the lines of force, the 
radial force on the electron is 
diminished, and thus the radii of 
curvature of the radial path in- 
crease, until it reaches a region 
of little or no field (c) whence the 
path becomes almost tangential 
and straight again, when the 
electron regains the tube axis at 
the screen. The angles, in the 
side elevation, at which the elec- 
tron leaves and returns to the 
axis will differ depending on the 
position of the lens. Focusing 
is produced by all electrons leav- 
ing the tube axis at different 
angles, returning to the axis at 
the same point, due to the fact 
that the transit time is the same 
in each case. in other words they 
all have the same horizontal com- 
ponent of velocity. 

In the literature there appear 
to be some different interpreta- 
tions of the specific behaviour of 
an electron under these condi- 
tions, although the general con- 
ceptions agree. My own visuali- 
zation is an extension of those 
described, and is shown below :— 
HAS) 







TUBE AXIS 


SIDE ELEVATION FRONT ELEVATION 


Fig. 3 


to an unshielded coil, there being 
usually no screening around the 
outside of the magnet. Coslett 
quotes a value for # of 3/2 for 
an unshielded coil and thus, if 
substituted in the _ expression 
given above 


a will give, a = 


HV (V2-1) 
1.003d. 

Therefore, to a first approxima- 
tion, a is equal to d, the distance 
along the axis from zero to the 
half-field strength points, in prac- 
tice, the formula is sufficiently 
close to enable a_ satisfactory 
design to be evolved. 

Astigmatism of the magnetic 
lens does result in a distortion of 
the spot shape, but this is not 
always easy to detect unless the 
magnet is rotated. I quite agree 
that this may not always be en- 
tirely due to the magnet. 


1 Electronic Engineering, 22, 255, (1950). 


Brightness Control 

Dear Str,—May I recommend 
to television manufacturers the 
discontinuance of the term 
** brightness control’’. ‘* Bright- 
ness ’’ on a knob tempts viewers 
to advance this control when 
contrast adjustment is actually 
needed. 

The chief results are pictures 
which do a disservice to the 
television industry’s future, and 
reduction of the life of the tube. 

A change of name. plus im- 
proved instructions from some 
manufacturers on the use of their 
receivers’ controls would go a 
long way to overcoming these 
troubles. 

—Yours faithfully, 
W. P. Rowtey. 
East Molesey, Surrey. 
Radio Interference 
from Incandescent Lamps 

Dear Sir,—Readers of the note 
on this subject in your February 
issue may like to know that this 
kind of interference was reported 


slightly conducting material on 
the inside of the bulb which emits 
secondary electrons. Generally 
such an isolated conductor can 
take up one or other of two 
stable potentials a hundred or 
more volts apart, the lower 
involving repulsion of the inci- 
dent electrons and no secondary 
emission, while the upper in- 
volves acceptance of the primary 
electrons together with the emis- 
sion of an equal number of 
secondaries. 

At the peak of the a.c. voltage 
cycle the energy of the incident 
beam is almost certain to carry 
the bulb to the upper stable 
potential, and the potential drops 
discontinuously to the lower 
value. These violent changes are 
periodic with twice the supply 
frequency, causing a low-pitched 
modulation to be picked up over 
a broad band of wavelengths in a 
nearby receiver. The cure for 
the trouble is to use gas-filled 
lamps, in which electron beams 
cannot reach the bulb. 

The phenomenon also occurs 
in audio-frequency amplifying 
valves. Here the _ capacitive 
coupling between the bulb and 
the grid causes a sharp discon- 
tinuity to appear in the wave- 
form of the signal. The resulting 
distortion (a pronounced buzzing) 
may easily be mistaken for some- 
thing loose in the loudspeaker. 
The writer found the effect in a 
power triode purchased recently. 
It also occurs in pentodes, espe- 
cially those of high mutual con- 
ductance. As a rule the effect 
disappears if one’s hand is placed 
over the bulb, the added capaci- 
tance preventing the _ discon- 
tinuous jumps in_ potential.— 

Yours truly, 
KENNETH A. MACFADYEN. 
The University, Birmingham. 

1 Lehmann, G. L’Onde Electrique, 16, 223 

(1987). 


2 Macfadyen, K. A., Wireless Engineer, 15, 
310, (1938). 
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rtion. Conference on Production Exhibition at Castle Bromwich, Bir- temperature resistant, and another 
only On November 15 and 16, the mingham, at 12.30 p.m. on Septem- vitreous enamel, free from. lead, 
cuum Utilization Section of the Institution ber 6._ There will be no pre-view which can be applied to aluminium. 
ens is of Electrical Engineers are holding a _ of the Exhibition this year, but there ? 
- the Conference on “ Electricity as an will be a Press view throughout the More BTH Radar Equipment for 
t are Aid to fe ay in order to morning of the opening day. 28,000-ton Tankers 
end make available to industry the most . of : In addition to the BTH Marine 
b lb. up-to-date information concerning The Institute of Physics Radar Equipment installed on the 
ulb. : eee 1 The Board of the Institute of 
f the contribution that factory electri- Physics announces that the Insti. 2¢W Anglo-Saxon 28,000-ton tanker 
er 0 fication can make to the country’s ys - ; Velutina, the British Thomson- 
othe y ; F “i tute’s Certificate in Laboratory Arts , , 
r efforts towards increased production, e : Houston Company has _ received 
: : . d will not be awarded after 1951, in Pattee 2 
on The Conference is mainly intended . p orders for similar equipment for her 
ee ea view of the establishment of the : : 
mits for those executives in both large and J : three sister ships. 
aaa te ° h ibl Intermediate Certificate for Labora- : . 
rally small factories who are responsidle 10+. Technicians by the City and The company is also supplying 
can for production, and will consist of a Guild of London Institute vhtele it radar equipments for five anew 
two series of lectures each of which will Ke ois ; 28,000-ton ‘‘ CAP ”’ class tankers. 
i ate be followed by a general discussion. . Another order, received recently 
>W It has been planned, as far as TheTelevisionSociety Constructors’ from the British Tanker Co., Ltd., 
ower possible, from the point of view of Group is for supplying marine radar 
inci- the user, and the lectures will there- The Constructors’ Group of the equipment with an extended mast 
lary fore cover, in general terms, what ‘Television Society will in future be for six new 28,000-ton tankers at 
in- electricity can do to increase pro- jnown as the Engineering Group, a Present under construction in British 
lary —s a, yong atthe te = title which more accurately ex- yards. 
sf nical details of the apparatus wi : : ; - oo 
i which these dieipooveaetite can be oe ae we = — <— B.B.C. Engineering Division 
of : ‘ : roup Committee and the standar Anneli 
achieved. It is thus hoped to stimu- of the papers read before the Group ppointments 
ns late thought on the part of the are not affected by the change of The following new appointments 
“ audience, so that, after the Con- jyame. have been made in the Engineering 
_ ference is over, they may act on what Particulars of the Society’s activi- Division of the B.B.C. 
ry they have heard, obtaining the ties can be obtained from the Hon. Mr. R. T. B. Wynn, C.B.E., M.A., 
ible further information they will require Secreta , Mr. G. Parr, 68 Compton M.I.E.E., becomes Deputy Chief 
‘ops from established sources. The sub- Road, N.21. Engineer, with responsibility under 
wer ject matter of the lectures will come the Chief Engineer (Mr H. Bishop, 
por under the following broad headings : The South Coast Televiewers C.B.E., B.Sc.(Eng.), M.LE.E., 
] (a) Motive power in the factory, Association M.1.Mech.E.) for the eneral control 
4 y (b) Industrial heating processes, The S.C.T.A. has a membership of and direction of all Engineering 
e (c) Welding applications, (d) The over one thousand viewers formed Departments. Mr. H. L. Kirke, 
ver handling and inspection of materials, in branches at Worthing, Lancing, C.B.E., M.I.E.E., becomes Assistant 
na and (e) Lighting, heating, ventila- Bri hton and Hove, Eastbourne and Chief Engineer, with responsibility 
for tion, etc. : outlying villages. _ for the co-ordination and direction 
led The proceedings of the Conference It has affiliated viewers clubs, and of the technical work of the Re- 
ms will be published and issued to all the movement is expanding so _ search, Planning and Installation, 
interested parties so as to reach as_ rapidly since its formation in 1949 Designs, and Equipment Depart- 
| wide an audience as possible. , that organisation on a national scale ments. 
Ars The aim will be to focus attention is now contemplated. Mr. W. Proctor Wilson, C.B.E., 
ng on the effect that electricity can have The Association’s main aim is to B.S., M.I.E.E., succeeds Mr, Kirke 
ive on the economics of production, raise the standard of television as Head of the Research Depart- 
nd embracing both quantity and reception in areas where such recep- ment, and Mr. E. C. Drewe, 
n- quality, and to show how electricity tion is unreasonably and unneces- M.J.E.E., becomes Assistant Head of 
7e- can help to produce an ever increas- sarily poor, and to press for a tele- the Department. 
ng ing output. vision station which will adequately 
g) Plessey Transmitter-Receiver serve London and the South Coast New Decca Company Formed 
e- on Police Duty of England. : A new company with the title of 
' The Plessey Company, Ltd., Ilford, . Other functions include the trac- Decca Radar Ted has been formed 
T. Essex. announce that they have ig and suppression of local inter- ” ae 
a x, u y : as a wholly-owned subsidiary of the 
received a contract to supply to the ference to T/V_ reception and a 
‘ pply to tai t of social activit Decca Record Company, Ltd., to 
ys London Metropolitan Police a quan- C€y_a1n, amount, oF sow ney. handle all activities concerned with 
e- tity of Plessey Transmitter- Membership is open to any person Decca radar equipment previous! 
n- Receivers, Type P.TR.7, for use on Who owns a television set. The sub- : equip prev y 
Oy eee en : scription is 5s. annually The dealt with by the Decca Navigator 
ct motor cycles, and the associated Pp : Shae Company, Ltd. The new company’s 
d control station installation. This Honorary Secretary is R. Sawyer. ie | ‘ : 
: spel : f 74 Berriedale Drive. Sompti registered offices are at 1/8 Brixton 
a equipment will play a useful part 2 .verriedale Urive, pling, ‘Lond Ww i 
1 : Ipi land Y b Worthing. Road, ondon, S.W.9, and _ its 
- in helping Ban ane = to a at ; : interests will be concentrated 
= crime, an fe al alle € th ice in Industrial Finishes Exhibition entirely on the design, manufacture 
ag poe Me yea ts Pate mS The first national exhibition of in- and sales of Decca Marine Radar, 
' ull technica! details of this of the dustrial finishes is to be held at and the development of further 
; ) ea bee ag vines page 566 of the arls Court, London, §.W.5, from interests in the radar field. 
«g — 1950, issue of ELECTRONIC August 30 to September 7. The The Decca Navigator Company, 
3 NGINEERING, Council of Industrial Design will Ltd., will continue to deal with all 











Radio Show Opening 
The Lord Mayor of Birmingham is 
to open the 17th National Radio 


have a stand to demonstrate a wide 
variety of finishes, including one 
of vitreous enamel which is high 







matters concerned with the further 
expansion of the Decca Navigator 
System. 
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Radio Servicing Equipment 


By E. J. G. Lewis. Ist edition, 370 
pages, 193 illustrations. Chapman and 
Hall, 1950. Price 25s. 


HE purpose of this book, as the 

author states in his preface, is 
** to assist all users of radio servic- 
ing equipment to obtain a soun 
working knowledge of their test 
gear and so to get the utmost 
service out of it,’’ and it appears to 
be well prepared for its purpose. 

Commencing with simple current 
and voltage measuring instruments, 
the principles of which the author 
explains by means of simple experi- 
ments at negligible cost, he proceeds 
to show how multi-range instru- 
ments and ohmmeters are con- 
structed. Further chapters follow 
on analysers, valve testers, service 
oscillators, output indicators, audio 
frequency test gear, valve volt- 
meters, resistance and capacitance 
bridges, the cathode ray _ oscillo- 
graph and frequency modulators. 

The book contains an extremely 
comprehensive range of practical 
information concerning the various 
tests that can be performed with 
each item of equipment, and 
whether the reader desires to make 
some of his own test gear, or prefers 
to buy all of it ready made, the 
book will prove invaluable. 

It i is often noted that books using 
a “simple” approach or explana- 
tion, in the effort to achieve direct- 
ness, make statements or analogies 
that are highly questionable from an 
academic viewpoint, and hence can 
be misleading unless adequately 
qualified. This book is noteworthy 
for its clarity of presentation in this 
regard, and should readily be 
understood by both the ‘“ young 
and not so young” — to use the 
author’s own expression. The few 
slight mis-statements that were 
noted are not sufficiently important 
to merit comment, as it is extremely 
unlikely that they would mislead. 
There are ery few typographical 
errors in the book, a fact that 
further bespeaks great care in its 
preparation. 

N. H. Crownurst. 


Aerials for Centimetre 
Wavelengths 


By D. W. Frv and F. K. Goward, 
Modern Radio Technique Series, 172 pp. 
Cambridge University Press, 1950. Price 
18s. net. 


HIS book deals with the 

theoretical methods used in the 
design of radar aerials for such 
purposes as air-borne navigation and 
bombing, detection of surface 
vessels from the air, air-borne inter- 
ception and gun-laying. Thus the 
theory presented i is mainly concerned 
with scanning techniques and the 


September, 1950 


BOOK 


design of aerials having polar 
(radiation) diagrams specially 
adapted to the functional require- 
ments of the radar equipments with 
which they are employed. The 
authors have had considerable war- 
time experience, gained chiefly at 
the Telecommunications Research 
Establishment, on these specialized 
aspects of aerial design. Their treat- 
ment of the subject within this field 
is detailed, clear, concise and likely 
to be of considerable value to the 
radar engineer. The more practical 
aspects of aerial design are dealt 
with only briefly, however, and little 
information is given on construc- 
tional techniques, 

The communication engineer con- 
cerned with the design of fixed 
directive aerials for radio relay 
systems will probably find that this 
subject is dealt with inadequately, 
the viewpoint of the authors being 
best summarized by a quotation 
(p.. 155): “‘ Directive non-scanning 
aerials are very similar to scanning 
aerials and it is not necessary 
therefore to discuss them.’”’ In point 
of fact, such aerials may have to 
satisfy much more critical require- 
ments than radar aerials in respect 
of impedance matching, suppression 
of minor lobes and operation over a 
wide bandwidth. 

Another important omission con- 
cerns the measurement of polar 
diagram, gain and area efficiency; 
these are by no means easy to carry 
out accurately, and reliable measure- 
ments are essential before it can be 
said that an aerial design is com- 
plete. 

Although this book is welcomed 
for the considerable amount of 
information it gives on the theoreti- 
cal side of scanning aerial design, 
much of it hitherto only available 
in Services reports, it is considered 
that a more balanced approach to 
the subject would have considerably 
enhanced the value of the book. 


W. J. Bray. 


Symposium on Electronics 


By A. G. Peacock. 197 pp. 17 figs. 
Chapman & Hall in collaboration with 
the Scientific Instrument Manufac- 
turers’ Association. 1949. I6s. net. 


HIS is a_ collection of the 

papers read at the first elec- 
tronics symposium of the S.I.M.A. 
in 1948. The discussion which 
followed each paper is also included. 
A wealth of general information on 
a variety of electronic topics is thus 
Geotail. 
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REVIEWS 


The book is divided into two parts. 
Part I deals with electronics in 
research, The papers are ‘ Elec- 
tronics in Computing,”’ ‘‘ A Review 
of Frequency Measurements,”’ ‘‘ The 
Measurement of Small Displacements 
by Electrical and _ Electronic 
Methods,’’ ‘‘ Measurement of Ioni- 
zing Radiations,’’ ‘‘ High Vacuum 
Gauges,’ and ‘“‘ The Radiosonde 
and its Manufacture.”’ Part II dis- 
cusses electronics in industry. It 
comprises papers on ‘‘ Some Indus- 
trial Applications of Electronics,” 
‘““Metal Detection in Industry,” 
“Sound and Vibration Measure- 
ment,’”’ Electronics in  Spectro- 
scopy,’ and ‘‘ Some Developments 
in Picture Telegraphy.”’ 

Nearly every paper concludes 
with a useful bibliography of 
articles for further reading. The 
book abounds with useful and neces- 
sary diagrams and illustrations, It 
is rather doubtful as to whether the 
figures 10 and 11 on pages 1380 and 
181 serve any useful purpose, how- 
ever. These are photographs of a 
metal detector in use in a saw mill, 
and of a perhaps unwilling cow 
being ‘“‘ swept ”’ for metal, 

Only two errors were noticed by 
the reviewer. The sub-headings (c) 
and (d) are omitted in figure 2, 
page 45, for the resistance wire 
strain gauge, and the condenser 

pe gas indicator respectively. 
The title heading on page 47 should 
read ‘‘ The Measurement of Small 
Displacements,’”? and not ‘ The 
Radiosonde and its Manufacture.” 

The criticisms in this review are 
of but minor blemishes on an other- 
wise excellent survey, which can be 
highly recommended to those who 
like to know a little of the other 
engineer’s work and problems. 


H. Srrpse. 


Permanent Magnets 


By F. G. Spreadbury, A.M.Inst.B.E. 
280 pages, 157 figures. Ist edition. 
Isaac Pitman & Son, Ltd., 1949. Price 35s. 


HIS is probably the first book 
published in this country which 
is entirely devoted to the very wide 
and interesting study of permanent 
magnetism. Mr. Spreadbury touches 
upon almost every aspect of the 
subject, commencing with the 
materials available, the design, 
through the various production 
stages including testing, magnetiza- 
tion and demagnetization, and the 
applications, with a condensed 
chapter on the fundamentals of 
magnetic theory to round it off. 
One or two minor criticisms may 
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be made in respect of the earlier 
chapters. The (BH) max. for 
British Alnico is 1.6 x 10° and not 
1.4 x 10° as shown in Figs. 1-17 to 
1-22. There are several metallurgical 
inaccuracies and anomalies in the 
chapter on permanent magnet 
materials; such as the solubility of 
carbon in iron (less than 0.01 per 
cent at room temperature); the com- 
position of FePt alloy should be 
22.2 per cent iron and 77.8 per cent 
latinum; the Curie points quoted 
or the permanent magnet materials 
err on the low side, more accurate 
values being: 6 per cent Tungsten 
Steel 760° C., 85 per cent Cobalt 
Steel 890° C., Alnico 800°C. (the 
Curie range for the Cobalt steels is 
given as 850/900° C. elsewhere in 
the chapter). 

Unfortunately for Mr. Spread- 
bury, advances in permanent mag- 
net materials are taking place so 
rapidly that no book can remain 
up-to-date for long, and now the 
coercive force of commercially pro- 
duced alloys well exceeds the 700 
oersted quoted, and has reached 
1,000. 

The method given for calculating 
magnetic leakage to assist design is 
extremely good, and useful prac- 
tically. 

The applications of magnets dealt 
with are limited in scope, but this 


is compensated by the detailed . 


analysis of those described. 

Mr. Spreadbury is to be compli- 
mented on his mathematical treat- 
ment throughout, particularly in his 
chapter on design; also those on 
measurements and testing, and 
magnetization and demagnetization, 
which are original in conception. 
second edition could probably be 
enhanced by additional references of 
a more specific nature. 


D. Haprretp. 


Facsimile 


By Charles R. Jones. Pp. xiii+-422 with 
223 plates and diagrams. Murray Hill 
Books, Inc., 232 Madison Avenue, New 
York 16, N.Y, 1949. Price $6.00. 


O few books have been written 

which give any attention to 
facsimile or picture telegraphy that 
the appearance of a new_ book 
entirely devoted to the subject is 
very welcome. 

If the reader expects to find in 
this volume a treatise on the tech- 
nical aspects of design of facsimile 
equipment he will be disappointed. 
This book caters for the user rather 
than the student or designer, and 
also it is essentially confined to 
consideration of American tech- 
niques and practices. While there 
is a considerable amount of tech- 
nical information, this is almost 
entirely of a descriptive nature. 
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Just out 
INTRODUCTION TO 
ELECTRONICS 


by 
J. Yarwood, 
M.SC., A.INST.P. 


(121 figures 28s. net 


344 pages* 


TESTING 
RADIO SETS 


by 
J. H. Reyner, 
B.SC., A.C.G.I., D.I.C., M.I.E.E. 
Fifth Edition, Revised. 


130 figures 22s. 6d. net 


15 plates 


224 pages 





37 ESSEX STREET, LONDON, W.C.2 
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CATHODE RAY TUBE TRACES 
by H. MOSS, Ph.D. 
Price 10s. 6d. 


This Monograph is based on a series of articles 
published in Electronic Engineering and con- 
tains the elementary theory of common types, 
with notes on their production. 

“This book has_ considerable general 
educational interest.’’—-Electrical Review. 
**The photographs of c.r.-tube traces are 
excellent and in both their quality and their 
number they form an outstanding feature of 
the book.’’—Wireless Engineer. 


A HOME-BUILT TELEVISOR 
For Sutton Coldfield Reception. 
by W. I. FLACK 
Price 4s. 6d. Postage 3d. 


This booklet fully describes the ee and 
construction of a high quality receiver for the 
reception of the Sutton Coldfield trans- 
mission. 


Postage 6d. 





Reprints of the article by W. |. Flack on 
suitable pre-amplifiers for use with either the 
Alexandra Palace or Sutton Coldfield models 
of the Home-Built Televisor (originally 
published in the April, 1950, issue of 
** Electronic Engineering ’’) are now available 
on application to the Circulation Department. 
Price 9d. Post Free 10d. 
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Jervograph 


SERVOGRAPH OPERATES DIRECTLY 
FROM VERY LIGHT CURRENT 
SOURCES, consuming but a few micro 
watts for full scale deflection. 

Its working principle is unique and sets 

up a new high standard of accuracy and 
robustness for graphical recording meters 
SEVOGRAPH’S accuracy is to BSS.89 for 
Grade 1 Indicating Instruments— because 
its servo-driven pen arm removes all 

load from the instrument movement, admits 
a robust and trouble-free pen, and 
maintains this accuracy with full 

or empty ink reservoir. Needing no 
levelling, it operates correctly in any 
position and can be connected directly to 
tachometers, thermo-couples, resistance 
thermometers, CO, indicators, pH meters 
and so on, repeating their accuracy on 

the chart. Equally useful, too, as an 
ammeter, voltmeter, etc., it may embody 

@ moving iron, moving coil, dynamometer 
or electrostatic movement. 


Please write for technical leaflets 100/4 


Movements available from a 
micro-amps or 15 milli-volts 
upwards. 





FIELDEN 
(ELECTRONICS) 
LIMITED 


PASTON ROAD, WYTHENSHAWE, 
MANCHESTER. 


Fielden Electronics (Australia) Pty Ltd., 
409 Collins Street, Melbourne, Australia. 


Industrial Electronic Equipment 
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BOOK REVIEWS (Continued) 


Theoretical treatment of the subject 
is avoided, and so is the use of 
mathematics. 
The book is divided 

parts: part one (after a_ short 
historical section) introduces the 
reader to the uses of facsimile 
equipment; part two describes the 
technical features of the equipment; 
part three gives detailed informa- 
tion concerning a number of equip- 
ments manufactured by various 
American companies, and part four 
gives a few general notes on servic- 
ing followed by very detailed infor- 


into four 


mation on the servicing of two 
particular makes of American 
equipment. Parts three and four 


occupy over half of the book, and 
contain for the most part informa- 
tion such as would be included in 
makers’ handbooks and _ service 
manuals (which is chiefly of interest 
to users of the particular equip- 
ments described). 

When dealing with the uses of 
facsimile the author follows his 
cause with great enthusiasm, and 
suggests many possible commercial 
mS gg He is, however, only 
able to give examples of regular use 
for one or two types of service. 

When discussing broadcast fac- 
simile (for home newspapers) the 
author compares F.M. transmission 
with ‘‘ conventional a.M.’’ transmis- 
sion. He attributes to F.M. transmis- 
sion characteristics which are as 
much peculiar to the high frequen- 
cies commonly used in America for 
F.M. transmission as to F.M. itself, 
and one wonders whether the author 
is perhaps not a little out of his 
depth in this particular matter. 

A very useful section of the book 
deals with facsimile transmission 
facilities, and points out the limita- 
tions of both radio and line trans- 
mission channels when used for 
conveying facsimile signals. 


J. J. E. Aspin. 


Television Explained 
By W. E. Miller. 112 pages. Third 


edition. Iliffe and Sons, Ltd., 1949. 
Price 5s. 
HIS book is addressed _ to 


knowledgeable members of the 
public who, having some acquain- 
tance with radio circuits, are 
equally interested in their television 
counterparts; and to those who have 
some elementary radio training. 
This new edition appears in 
improved form, and contains much 
additional information on aerial 
systems, together with notes on fre- 
quency allocations and suppressed 


sideband working. Other sections of 
the book have been brought up to 
date, while actual photographs of 
picture faults, taken specially by 
the author for this edition, are 
included, 


The Wireless and Electrical 


Trader Year Book, 1950. 


Compiled by the Staff of the Trader 
Publishing Co., Ltd. 278 pages. 2Ist 
edition. The Trader Publishing Co., 
Ltd., 1950. Price IQs. 6d. 


HE contents of this edition of 

The Wireless and Electrical 
Trader Year Book form a helpful day 
to day reference for traders and all 
engaged in radio, television and 
domestic electrical manufacture and 
marketing. 

A new editorial feature is the 
section of useful television data, 
including cathode -ray tube _ base 
connexions, with diagrams, and con- 
densed specifications of over 200 cur- 
rent television receivers which are 
now listed by British manufacturers. 
The section devoted to valve base 
connexions, which was included for 
the first time in the 1949 edition, 
has been revised as necessary, while 
the directory section includes up-to- 
date information on addresses, pro- 
ducts, etc., for the various divisions 
of the industry. 

Changes in the names, addresses, 
telephone numbers and products of 
the firms engaged in the radio and 
electrical industries have been in- 
corporated in the directory sections. 


Television in Your Home 


By W. E. Miller, M.A. 64 pages. 30 
diagrams. Iliffe & Sons, Ltd. 1950. 
Price 2s., postage 2d. 


66 ELEVISION in Your Home”’ 
provides the information the 
viewer needs before and after he 
purchases a receiver; it will also, ii 
is hoped, be of interest to the con- 
firmed viewer in answering some of 
the queries which may have cropped 
up during his viewing experience. 
There have been many books on 
various aspects of television, some 
of the simple explanatory type, 
some dealing with programmes and 
their production, many semi-tech- 
nical in nature, and a few deeply 
technical. The book is entirely non- 
technical, and assumes no previous 
knowledge whatever of television. 
In many ways it can be regarded as 
supplementing the instruction card 
or manual which is provided by the 
television receiver manufacturer. 
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) Opus 993 for the Television Band 


‘tions of 
up to 
4 hes \ TF 923, the Marconi TELEVISION SWEEP GENERATOR 
n, are is designed for the visual checking and alignment 
of television or f.m. receivers, aerials and feeders, 

and is used in conjunction with a suitable c.r.o. The main radio 
frequency carrier output embraces the five television bands allocated 



















trical 
950 to the B.B.C. in the range 40 to 70 Mc/s. Intermediate bands are ° 
F 5 to 15 Mc/s and 20 to 30 Mc/s; video frequency coverage 0 to 
Trader 10 Mc/s. Sweeping of continuously variable width is obtained by 
5, = a vibrating capacitor driven by a moving coil system. The generator, 
ipaied which is a.c. mains operated, is a timely addition to the Marconi range 
a f of television measuring instruments. Detailed specification on request. 
ion oO 
ctrical - 
ul day 
nd ail TELEVISION SWEEP GENERATOR type tF 923 
1 and 
je and Please ask for folder: SUMMARY OF COMMUNICATIONS TEST GEAR 
, the 
ata, e 8 e 
“base Mareoni Instruments Limited 
con- 
0 cur- ST. ALBANS, HERTFORDSHIRE Telephone: St. Albans 6161/5. 
h are Northern Office: 30 Albion Street, Hull Western Office: 76 Portview Road, Avonmouth . Southern 
_ Office & Showrooms: 109 Eaton Square, London, S.W.1 Midland Office: 19 The Parade, Leamington Spa, 
ase 
d for 
ition, 
while 
1p-to- 
, pro- 
isions 
esses, 
‘ts of 


+ WAVE 













tions. 
ie In our production of waveguide tubing, 
technique has more than kept pace with 
ag the demand for greater accuracy which the 
; use of higher frequencies has brought. 
ie Close dimensional tolerances, internal 
« angles. of minimum radius and an ex- 
+» he tremely high internal finish are character- tae eoeen ern 
0, ii istic of our product in all its many OUT WHOLE LENGTH 
Lage combinations of material and size. tae agi ene cepa 
—_ Data sheet 2491 gives full details of our : eee eee 
os present range. Copies are freely avail- og 
ome able upon request. AND SCRATCHING 
and 
— ° 
eply ° 0 : 
me One of the specialised products of Johns bat 
10us 
sion. 
2 Matthey 
= 
y e a MATTHEY & CO., LIMITED, HATTON GARDEN, LONDON, €E.C.1 








Telephone : HOLBORN 9277 
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SF This Cathode with 20kW 
Anode dissipation, shown by courtesy of the English 
Electric Valve Co., Ltd., is made with Tungsten and 
Molybdenum, supplied by Murex, Ltd. 


RAINHAM 
ESSEX 
ENGLAND 


0 eeece- > 

Powder Metallurgy Division 
Telephone : Rainham, Essex 240 
LONDON SALES OFFICE : 


Central House, Upper Woburn Place, W.C. 1. 
Tele.: EUSton 8265 
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{n a typical case, a conventional battery occupying 18 cu. ft. 
of space was replaced by a Nife battery of identical capa- 
city but only needing 14 cu. ft. Moreover, as the gas 
produced by a Nife battery is innocuous, no separate 
battery room was needed. This compactness of Nife Bat- 
teries is only one of the reasons for choosing Nife for 
switchgear operation. In addition, Nife is made principally 
of steel, and so is chemically and physically almost inde- 
structible. Nife is also unaffected by the heaviest rates of 
charge and discharge, and so is electrically most reliable. 
Many records show that it costs practically nothing to 
maintain a Nife battery. That’s why so many are in use in 
the main grid power stations. (N.B. Nife batteries are not yet 


available for private cars or domestic radio.) 


CUT YOUR COSTS WITH 





STEEL BATTERIES 


NIFE BATTERIES : REDDITCH * WORCESTERSHIRE 
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to put television servicing on an economic level 





ali-day television 
testing & adjusting 


/ Now your service department need not be held up during non-transmission hours. 
Here is an economically priced portable instrument, perfected after more than two 
years of research and development, capable of the complete checking and 
adjustment of television receivers at any time, independent of transmissions. 

The RADAR Video and Sync Generator will produce a fully synchnonised and 
correctly proportioned test pattern, together with Sound, for the adjustment of 
LINE HOLD and WIDTH, FRAME HOLD and HEIGHT, LINE and FRAME 
LINEARITY, BRIGHTNESS and CONTRAST, INTERLACING, SOUND on VISION interference, etc. 

The pattern generated consists of a number of vertical bars divided into horizontal sections, each section graded linearly 
from black (30% mod) to full white (100° mod) and the output level of the generator is ample for connection to the 
input of normal receivers. 

Weighing only 15} Ib. and measuring 13 in. by 8 in. by 54 in., the generator, with self-contained power supply, is 
housed in a robust steel case finished black crystalline enamel. Models available for London or Birmingham frequencies, 

In every way a superb instrument. 


THE 





video & sync generator 








RADAR RADIO & TELEVISION, 26 OAKLEIGH ROAD. NEW SOUTHGATE, LONDON, N.11 
Phone: ENTerprise 5967 





The New 


HI-FIDELITY 


MAGNETIC SOUND HEADS 


(PATENTS PENDING) 





——_—————— 
(REG’D TRADE MARK)! 


@ A quality head for magnetic tape recorders 
@ Single Hole Fixing 

@ Detachable reversible head 

@ Precision ground tape bearing faces 

NO OTHER HEAD HAS ALL THESE FEATURES 


PRICE, each head complete, post free, £3 5s Od. 


Model 5 R.P. combined record and playback head 
Model 5E erase head 

Standard heads are high impedance 

Low impedence heads to order 


We specialise—that is why deck manufacturers are standardising our heads 
Stocks of tape, oscillator coils and kits 


A NEW DECK TAPE WILL SHORLTLY BE ANNOUNCED 
FOR SUPPLY EITHER COMPLETE OR IN KIT FORM 


Send for lists to sole manufacturers— 


BRADMATIC LIMITED 


STATION ROAD, ASTON 


BIRMINGHAM 
Telephone : Telegrams : 
East 574 Bradmatic Birmingham 
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A GREAT NAME 


lives only by service 





Public recognition is given only in return proud to have earned. Ever since the 
for faithful public service. An acknow- days when Marconi pioneered the paths 
' Jedged reputation is therefore a sign of | of radio-communication, the name of 
public confidence —and is something Marconi has stood for ever-increasing 
which the Marconi Company is very public service . . on land, sea and in the air. 


Marcom 


the FIRST and GREATEST name in Wireless 


MARCONI’S WIRELESS TBLEGRAPH COMPANY LIMITED . MARCONI HOUSE . CHELMSFORD af ESSEX 


50 K.V., R.F., E.H.1., GENERATOR 


COMPLETE RANGE AVAILABLE 
25 — 100 K.V. 








@ Break Down Testers 


© $Stabilised Supplies 


A | i 
HAE 


need? 


© Industrial Equipment 


© Nucleonic Apparatus 


Illustration shows standard 
50 K.V. High Voltage section 
with additional stabilising 





valves 
BRANDENBERG DESIGNS LIMITED neil 
Telegrams: ‘KECK LONDON’ 196 DAWES ROAD, LONDON, S.W.6. 1534 
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WHEN ITS A 
QUESTION OF 
CAPACITY... 


COAL FANE 5: 

y 4 Pe) 

=| TRESPASSERS Pt Sillivg > 

se WILL BE eae S 
fa PROSECUTED iy GB. Tae 
Vex * y ‘ + > to wv) D 
4 - ya A , 
| 
| 





or rather, the accurate measurement 
of capacity, we think we can help you. 





enables capacitance in the 
range 0.3 picofarads to 100 
microfarads to be measured 
to an accuracy within +1%. 
Capacitance can be measured 
in situ and resistance in the 
range | ohm to 30,000 Meg- 
ohms can also be measured. 
For further technical details 
please write for leaflet No.CBI1/1. 














CINEMA - TELEVISION LIMITED 


A Company within the J. Arthur Rank Organisation 
FOREMOST IN THE MANUFACTURE OF 
@ Counters & Chronometers @ Metal Detectors ©@ Oscilloscopes @ Photo-Electric 
Cells @ Cathode Ray Tubes e@ Geiger-Muller Tubes @ Electronic Instruments 
WORSLEY BRIDGE ROAD: LONDON: S:E:-26 
Telephone: HiTher Green 4600 wig, 
— SS 


Northern Agents: Scottish Agents: 


F. C. ROBINSON & PARTNERS LTD. ATKINS, ROBERTSON & WHITEFORD LTD 
287 Deansgate, Manchester 3 100 Torrisdale Street, Glasgow, S.2 




































Electronic Engineering September, 1950 








These three rectangular instruments are designed 
on symmetrical lines, thus giving a distinctive clear 
open scale and pleasing appearance. Each size 
available in all standard ranges. The Series 65"and 

35 can be fitted with dial illumination.”” 





Series 65 Series 35 Series 30 
MEASURING INSTRUMENTS (PULLIN) LTD. 
Electrin Works, Winchester St., Acton, London, W.3. Telephone ACOrn 4651/3 & 4995 














stance WIG 


be supplied © amel and glass- ears for winding 
cotton, silk, een used for oe see, 
These wire s have ruments © control apP ent is always in 


effici d 
perature ceel-Chromes are use 


Nick , 
we in a limited space- 
es ddress your 


a 
where 2 Nig request — pleas® 


ue RE WIR 
Full details & : BA - 
enquiries 4S gia Vactite Wire ‘cont 


THE LONDON ELECTRIC WIRE COMPANY 


AND SMITHS, LIMITED VACTITE WIRE COMPANY LTD. 
LEYTON, LONDON, E.10. 75\ST.SIMON STREET, 
SALFORD 3,LANCS. 
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we 


ct 
marvellous 







what you 
can do 


with it? 





The versatility of ‘DELARON’ laminated plastic board is proverbial. 
Manufactured by DE LA RUE there is a suitable grade and board thick- 
ness for every electrical application, and it is easily machined and 
fabricated. High electrical resistance, non-hygroscopic, tough and light 
in weight, ‘ DELARON’ is an economical material for constructional 
purposes, e.g., instrument cases, ete. Can be sawn, drilled, punched, 
sheared, etc. Grades available for gears and pinions, Board sizes up to 
108 x 48 inches in any thickness up to 4 inches, 


‘DELARON 


LAMINATED PLASTIC BOARDS 


* ‘DELARON’ is a registered trade mark of ;— THOMAS DE LA RUE & CO. LTD. (Plastics Division), IMPERIAL HOUSE, REGENT ST., LONDON, W.1 








KNOBS DIALS & POINTERS by PAINTON 
/ NOPE PAO) 


as 





PAINTON & CO LTD KINGSTHORPE » NORTHAMPTON 
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This 50-AMP. Austinlite Rotary Switch is 


Thana. 
PRODUCT 


AUSTINLITE LIMITED (A Subsidiary of Chance Brothers Limted.) Dept. A 5, 
Lighthouse Works, Smethwick 40, Birmingham. Telephone : 








Coils. Denco T.R.F. Matched Pair Medium and Long 


Waves, 6/6 pair. Weymouth T.R.F. Matched Pair M. 
and L. von 9/6 mire gy ~pemeaeag Pair S.M, and 
L. Waves, 8/9 or 1 digg I types Wearite “ P 
Coils, 3/* each, in pid hy aes Midget 1% in. 
x # in. dia., Iron Core, Aerial r Csc., 3/6 each, 
Midget Coil Pack. Size 34 in. x 2b in. x id in., 
covering S.M. and L. Waves. Coils wound on Polystyrene 
Formers with paca a iron cores ensures efficient per- 
jormance. Factory wir yy on Price, including 
full circuits, for Superhet 465 Kc/s._ Unit 33/-. a 
T.RF. circuit covering M. and L.Waves, 30/-. The 
Battery Portable Supe: thet Pack, including ready wound 
Frame Aerial, covering S. M. and L. waves, 
Substantially made of gauye 16 S.W.G. with four sides : 
7in. X 4in. X 2in., 3/3; 9 in. x Sin. x 2¢ in » io, Win, X Si: x 24 in., 
4/11; 10in. x 8 in. x 2p in., 5/ 6; I2in. x Yin. x 2 + in., 6/8; 14in. x 9 in. 
x 2b in., 6/11 ; 16 in. x Bin. X 2h in., 7/3 ; 16in. x Bin. x 3% in., 
Rectifiers. 1 





esti use, 250A, 11/6. mA, 10/6. 5 mA, 4/ 
bat an 2 a mA, 5/6; "200 V 100 mA, 5/9; 
BV 3 ee tgiee 12 es: ee 
‘Tres Prac of 250 vl Ouageats : (a) 24 vol 
poved 2 9 V and 4 V, at 3 amps., 21/6 ; (b) 30 volts ta 15 V and9 V at 
Jan ira: 6) 15 vol app SY, vat amp 14/3 ; (d) 12 volts at 1} amps., 
Te eee DSO ote anes Ay zemoe8 3V5 te 
reer. tery Portable SR  hcccka: titak feats 


A iid « Midget sae Alc Bua nd ny — of Regenerative 
T.RF. Circuit irensiote i uned Frame Aerial, with Denco Iron Dust Cored 
Coil, thereby ensuring maximum gain for Single Tuned Stage covering Medium 


Wa 
Valve Line-up : IT4 (RF. Ampl.), IT4 (Detector), IS5 (Ist A.F.) and 3S4 (ou ae, 
Includes latest Rola 3-in. Moving Coil Speaker, and a Chassis already dri 
deen ors cb ands v7 mn ema log baer ie The st 
x x 
a ah rectal sical Layout and Circuit fi od with Kit make assembly 


a 
Price for Complete 18/9 16/7 P.T.). Suitabl hed Cabinet, 
Oh in. x 4b im. x rae 9. Eve dy BI Bary. 9 oo 
« Wireless World® ALC. Mains 2-Valve Receiver. We can supply all 
valves and M/Coil Speaker to build this set as s; 
the cone Symmes wen Reprint of detailed assembly instructions 
pot ree pe = separately for 


STERN RADIO LTD., 109 and 115 FLEET STREET, E.C.4. 


fitted by The Electric 
Construction Co. Ltd., to their latest and most successful cinema arc rectifiers. 
Put yourself in the picture on the full capabilities of this heavy-duty switch by 
writing for descriptive folder. An entirely new 
30-amp. switch of compact dimensions is also 
available and details can be supplied on request. 





> ESTABLISHED 25 YEARS : 
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Mains or Battery Personal Kit. A Kit of Parts to build 
our new Midect a Superhet “ Personal” Set, 
meg 2 Medium and Long Celok ol and designed 
for Mains or Battery ion, is now i 
2-waveband superhet receiver is designed to yoo on 
A.C. mains 200-240 volts, or by an “ All-Dry ” battery, 
either means being selected by turn of a rotary 
switch. It is so designed that the mains section, size 
4% in. x 34 in. x 1} in., is supplied as a separate Kit 
which may be added at any time). Kit can there- 
fore be supplied either as an “ All-Dry " Battery 
Personal Set, or by incorporating the mains section asa 
Midget receiver for combined Battery/! Mains ou). 
The circuit incorporates delayed A.V.C. and p lective audio f. A Rola 
4-in. P.M. speaker with a generous sized output transf Ih 
quality reproduction. Two ready wound frame areials - ; drilled midget 
chassis are inclu The overall size of chassis when completely wired is nde in, 
Xx 4in. X 2$ in. Valve line-up 1IR5 (freq. ch.), IT4 (LF. wa, IS5 (diode 
and audio amp.), and 3S4 (output tet.) set is easily built shay. epee 
detailed building instructions supplied, agen “aon a . ae Component 
Layout, with point-to-point wiring Tag pC 
Price of Kit (less Mains Unit, including P.T, cae Price of 
Mains Unit £1/17/6. Price of Ever Ready B114 Ba 
An attractive Walnut-fini Por Cabinet 4 house the combined oy od is 
avai This cabinet is also quite suitable for the “ All-Dry ” battery 
version. Price 19/9. 


The comeiete ensenibly instructions mentioned above can also be supplied 


lor 1/9, 
Pyeng Kit of Parts to build a miniature “All-Dry” Battery Elimin- 
ster, nengen cha my H.T. so ma )aad 1.4 volts L.T. This Eliminator is suitable 
rsonal battery set requiring H.T. and L.T. as above (or 
even for sets ~ approx. 90 volts). 
It is housed in a light aluminium case, size 44 in. X 3% in. x It in., and can 











I 
therefore be in most makes of Personal receivers. 
rice of eo Kit including detailed assembly instructions and layout £1/17/6 
A.C. Mains 3-Valve Receiver circuit, as published in the “ Wireless 


World.” We can oupoly all the nts to build this set, which covers Medium 
and Waves, for £4/5/- “Gachoding complete assembly instructions). A 
reorint eee assembly instructions can be supplied separately for 9d. 
including postage, 

We can now supply an attactive walnut-finished | Stet for the “Wireless World” 


3-Valve Set, with a complete Slow-Motion Drive Assembly (Station- 
named Dial to latest wavelengths). Inclusive price we 14/6. Cabinet available 
separately for 21/-. 

*Send 3d. Stamp for our Compreh Kit and C Stock List. | When 





ordering, please cover packing and postage. 
Telephone : CENtral 5814 and 2280 | 
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Electrical Standards for 
Research and Industry 


Testing and Measuring Apparatus 
for Communication Engineering 





SULLIVAN-GRIFFITHS 
DUAL DIAL NON-REACTIVE 


DECADE RESISTANCES 
FOR D.C. AND A.C. 
OF ALL FREQUENCIES 
NOVEL AND PATENTED 
ACCURACY BETTER THAN 0.1% 




























Screened Resistances of guaranteed accuracy 
exactly similar to our well-known Decade 
Resistances but specially arranged so that one 
box of a given number of dials gives many 
different values of maximum resistance. Thus 
a three-dial box (as illustrated) may be used, 
for instance, for 



































three decades of Thousands, Hundreds and Tens 
or three decades of Hundreds, Tens, and Units 
or three decades of Tens, Units and Tenths 
or three decades of Units, Tenths and Hundredths 
H . W. S U L L | V A N The advantages of such a system will be obvious, for in addition to 
==, Ihe ep the economy involved much space is saved and the residual 
resistance and inductance is much reduced. 
LONDOWN,,.-8. £2. '5 The resistances are avaiable in 3-dial, 4-dial and 5-dial types, with 
subdivision of 0.001% to 0.1% depending, of course, on the number 
———- Telephone : New Cross 3225 (P.B.X.) of dials incorporated. | 
build 
a. e e 
= The Murphy Television Pattern Generator 
ite on 
ttery, e 
. at the Radio Show | 
itte: ' | 
nasa Do not fail to see the Murphy TV Pattern TPG 11 can be invaluable before trans- 
Rola Generator! The outstanding technical missions start. 
idget superiority of this instrument is demonstrated A few instruments will be available for 
— by its choice for testing the central TV relay immediate delivery in Birmingham and 
very network at the Show. This selection is a members of my staff will gladly arrange 
unique tribute to the efficiency of the Murphy demonstrations in the area. 
~¢ of TPG 11 which, in practice, cuts service and 
vob repair cost by 50%. + Remember—there is no substitute for 
7 For your convenience during the period of the Murphy TPG 11 Television Pattern 
. the Show, demonstrations of this amazing Generator, manufactured by Murphy 
_ instrument will be given, by appointment, Radio Ltd., Welwyn Garden City, and 
(or on the 3rd Floor, 55, Temple Row, Birming- available to all (other than Murphy 
- ham (next to the Cathedral). Please contact Dealers) through : 
7/6 me at, The New Victoria Hotel, Corporation 
less Street, Birmingham, or enquire at the F . ae 
A Murphy Stand where representatives will be ° Livingston Hogg 
od. pleased to put you in touch with me. kena) 
al _ Visitors from the Holme Moss and other Specialist C High-Grade ne Jor the 
ble future television areas are advised not to lose SEN OEY 
hen this opportunity of seeing how a Murphy 65, BARNSBURY STREET, LONDON, N.1 
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=BAIRD= 
TRANSFORMERS 


Scophon ny 


& CHOKES 






















specific needs 


HERMETICALLY 


designed and 
manufactured The modern instru- 
to suit your ment for the measure- 


ment of resistance. 
Covers the range from 
0.3 tO 20,000,000 meg- 
ohms in six decades. 
Two test voltages, 85 


= Hermetically sealed SEALED TYPES x and soov ate provided 
oil-filled E.H.T. type with —up to IKVA. and a six-inch mirror 
expansion-bellows ms z r 

scale meter enables 

readings to be taken 

DOUBLE- and accurately and quickly. 

AUTO - WOUND The instrument is es- 

OIL/AIR pecially useful for test- 

COOLED _—‘ TYPES ing cables, resistors, 

—up to 50KVA. condensers and all 


Send your next enquiry to:— 


SCOPHONY-BAIRD LTD., (Division 6), WELLS SOMERSET 


Telephone : WELLS 2081-5 


(Single or 3-phase) 


insulating materials. 
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September, 1950 







MEGOH MMETER 








ELECTRONIC INSTRUMENTS LTD 


17, PARADISE ROAD- RICHMOND SURREY - ENGLAND 





“TAYLOR TELEVISION 


MODEL 240A 
TELEVISION PATTERN 
GENERATOR Frequency 
coverage from 40-70 Mc/s. 
Suitable for London & Mid- 
lands. A.C. mains operated. 
£14 ..0.0 List Price 


MODEL 170A 
ELECTRONIC TEST METER 
A 40 range instrument fitted 
with 4” Moving Coil Meter. 
A.C. mains operated. 

£22 . 10 . O List Price 
MODEL 65C 
WIDE-RANGE SIGNAL 
GENERATOR 7ranges from 
100 Kce/s- 160 Mc/s. A.C. mains. 
operated £17 .15 . 0 List Price 


ALL WINDSOR & TAYLOR TEST EQUIPMENT 15 
AVAILABLE ON H.P. SEND FOR DETAILS AND 
CATALOGUES 


TAYLOR ELECTRICAL INSTRUMENTS LTD 
419-424 MONTROSE AVENUE, SLOUGH, BUCKS, ENG. 
Telephone Slough: 21381 (4 lines) Grams & Cables: Taylins, Slough 


TEST Gs AIR 


alee: Multirange A.C.D.C.Test Meters 








Signal Generators @ Valve Testers @ A.C. Bridges 





Circuit Analysers @ Cathode Ray Oscillographs 
High and Low Range Ohmmeters @ Output Meters 
Insulation Testers @ Moving Coil Instruments 
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NI | Jhe autuority on Power Equysment- 
for ELECTRONICS 


TER 





4k Seen aa Lanai inns El ‘ stad re 
STANDARD RADIO AND MINIATURE TARY HIGH FREQUENCY 
TELEVISION ROTARY TRANSFORMER” mane volts MOT OR-ALTERNATOR. 
CONVERTER with filter and D.C. input. 60 watts output. 200 watts 400 cycles output 
sound-proof cabinet. 230 volts from 220 volts D.C. 

| A.C. Single Phase output. 





LOW VOLTAGE ROTARY 
TRANSFORMER. 12 volts 
to 600 volts 200 m.a. 








For details and technical specification of Power Equipment for all Electronic purposes including 
the equipment illustrated, write for fully illustrated and descriptive lists 3 R.C. and 16 H.F. 
In prototype stages let your designers meet ours. 


gi ELECTRO DYNAMIC CONSTRUCTION | tyeRapio show 


i Be ON 64 KM EE CASTLE BROMWICH 

ee Head Office and Works: ST. MARY CRAY + KENT ) Birmingham  Sept.6-16 

QW \ 842 NeC 8 Ww Oh’ BRIDGWATER . OM 6 Fees SAAR a ASIN HDS eR 
Se Phone: Orpington 2560-3 














E.D.C. 19 








«<— 4 -——— 


— Tarek 


ytien aeuee 





miniature 
PUSH BUTTON SWITCH 


ATYPE APPROVED COMPONENT 4 , 


PAINTON & CO LTD KINGSTHORPE : NORTHAMPTON : réccovowe: 2820 





weouwnwm ww 
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Encourage your staff to 


save a little every pay day 


- 


a good 
saver is 
a good 
worker 


Starting a Staff Savings Group is a simple process. 
All the information, equipment and publicity 
material you require will be gladly sent free of charge 
on application to your Local Savings Committee 
or to the National Savings Committee, 


1-5 Prince’s Gate, London, S.W.7. 








Issued by the National Savings Committee 














EM 


speed 
GRAMOPHONE 
MOTORS 


for the new 
long playing 
records 


S.E.M Gramophone motors can, by simple 
finger-tip control, be used both for the 
normal playing record and the new long- 


playing record of lower r.p.m. 


The S.E.M motor is a 2 speed type— 
78 r.p.m. and 334 r.p.m. for use on standard 
A.C. voltages and frequencies. Designed 
and built with a background of more than 
35 years’ experience in the manufacture of 
small electric motors, the S.E.M gramophone 
moior will meet the requirements of the 


most discriminating manufacturer. 





BECKENHAM KENT 


Phone : Beckenham O006¢ & 1325 








Se 
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THE yr 


POTENTIOMETER 
type PXF 5/H 10. 


is now available for general release to the 
Flectronic Industry. 
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Toroidal, 
POTENTIOMETERS 


1C-1000 WATTS 


, 1950 









Ceramic Insulation only— 
and approved for tropical 
conditions. 

Complete Ceramic Rings for 
strength. 

Approved by all Govern- 
ment Departments. 


Reasonable Delivery. 





IE 


Specialists in all types of 
Toroidal Windings. 


BRIEF SPECIFICATION 


Resistance range, 20 ohms to 50 K. ohms. 
Helical turns, 10. 

Rotation, 3,600 deg. 

Number of wire turns, 2,000 to 12,000. 




















Wattage, 5. 
Write for full details to :— 
7 
| P. X. FOX cumirep 
— ——— "Ta ak en atte TOROIDAL POTENTIOMETER SPECIALISTS 
meters, i ing indi 
to eight tapping points. All are available HORSFORTH,9Y ORKSHIRE, ENGLAND. 
with sealed spindles and glass terminal seals. Telephone : Horsforth 2831/2. Telegrams : “ Toroidal, Leeds.’” 
n.d.h. 
iple 
VALVE VOLTMETER, TYPE 712 
the 
ng 
lard 
han 
=] of : Alternating O-1.§V, O-§V, O-1§v, O-§Ov, 
The Airmec Valve Voltmeter, Type 712, provides Voltage Ranges o-150v, balanced, unbalanced 
one another example of the advanced technical design or differential. 
th which is a characteristic of all Airmec instruments. Direct Voltage Ranges 0-5v, 0-50v, 0-500v. 
. rae a Resistance Ranges 0-100 megohms in 6 stages. 
The use of balanced circuits ensures a degree of stability Frequency Range 30 c/s-200 Mc/s. 
hitherto unknown in this type of instrument, and Accuracy + 2% of F.S.D. above 5 volts 
enables the meter zero to remain constant on all ranges Cc od + 5% of F.S.D for 
over considerable periods of time and under conditions SC ond ranges below 5 volts 
of widely fluctuating mains voltage. A.C. 
A low capacity, high impedance probe enables measure- Input Impedance At a or ~ ' ag Fong 
ments of balanced, unbalanced and differential voltages put ave presey Spee et 1g 
to be made over the frequency range of 30 c/s - 200 M/cs. terminal to the Low and Earth 








Both positive and negative direct voltages to earth may 
be measured, and also resistances up to 100 megohms. 





terminals strapped is 1.3 meg- 
ohms in parallel with 5 pF. 
The D.C. input resistance is 
38.7 megohms. 


AIRMEC LABORATORIES LTD 


HIGH WYCOMBE: BUCKINGHAMSHIRE - ENGLAND 
CABLES: COMMLABS HIGH WYCOMBE 


DESIGNERS AND MANUFACTURERS OF SCIENTIFIC AND INDUSTRIAL ELECTRONIC EQUIPMENT 


TEL: HIGH WYCOMBE 2060 
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CAST OR 


A % FORGED 
LATEST TYPE 
MAGNETIC 


7 ) 
i MATERIALS 
“7 " 


a e*a~ 


DARWINS LTD 


TIMOLEY SHEFFIELD. 


THE 
BRITISH NATIONAL 
RADIO SCHOOL 


ESTD. 1940 


Now in our eleventh year and still— 


NO B.N.R.S. STUDENT 
HAS EVER FAILED 


to pass his examination(s) after completing our 
appropriate study course. Nothing succeeds like 
SUCCESS and what we have done already for so many of 
your colleagues, we can do again for YOU. 


All our courses are conducted by correspondence, on 
INDIVIDUAL lines and our Syllabus includes: 


A.M.1.E.E. (in approved cases); A.M.Brit.I.R.E.; City and 
Guilds, Radio Telecommunications, Mathematics; P.M.G. 
(theory only) examination courses; also what we believe 
to be the finest RADAR course available anywhere. 


Free Booklet and specimen lessons (please mention this advt.) from 
STUDIES DIRECTOR 


BRITISH NATIONAL RADIO SCHOOL 
66 ADDISCOMBE ROAD, CROYDON 


e 334 


Electrolyti 
Iron Powder 


‘“SINTREX’ 
BRAND 


Its exceptional purity 
makes it especially suit- 
able for electrical and 
magnetic applications. 
Supplied in a wide selec- 
tion of mesh gradings. 


GEORGE COHEN 
SONS & CO. LTD 


me 
BROADWAY CHAMBERS LONDON - 
TELEPHONE: group RIVERSIDE 4141 
brat hrto 


EE/501/1P20 


INSTRUMENT GABINETS 


and General 
SHEET METAL WORK 


steel shelving and 
storage racks 


NEON SIGNS 








or, 1950 








al purity 





gradings. 





Se ee 
EE/501/1P20 
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NEW WIDE RANGE OSCILLATOR | 


TYPE O.S. 101 


SETTING A NEW STANDARD FOR 
RESISTANCE TUNED OSCILLATORS 














FEATURES | 


FREQUENCY RANGE: 25 c/s to 250 kc/s continuously variable in four ranges. | 
FREQUENCY STABILITY: + 1% with line variation of 5%. | 
HUM LEVEL: -1°% of maximum output. | 
ATTENUATORS : 50 d/b in steps of | d/b into 600 ohms. | 
DISTORTION LEVEL: less than 1% over full frequency range. 

DIMENSIONS: 22ins. x I3ins. x Yins. Standard [9in. panel suitable for rack mounting. 


SOLARTRON LABORATORY INSTRUMENTS LTD. 


| 
| 22 HIGH STREET « KINGSTON-ON-THAMES Telephone : KINgston 1787 











A “ 


st \, <,\ A Complete Miniature 
Tu! Waeuum Coating Unit 











* SUITABLE IN PRICE 
AND EFFICIENCY FOR 
EXPERIMENTAL AND 
DEMONSTRATION 
LABORATORIES 


This miniature equipment has already proved it- 
valuable to many technical institutes who have 
employed it to advantage in the physics laboratory 
for the semi-silvering of mirrors used in inter- 
ferometry . . . in research work on the structure 
and physical properties of thin films . . . physics 
phenomena. 


For the industrialist this miniature unit, with al! 
the facilities of the larger plant, provides a valuable 
accessory for the vacuum coating of quartz crystal, 
optics, precision resistors, radiation detectors, colour 
camera pellicles, photo-cells, ete. 





. . . for better vacuum service . 


W. EDWARDS & CO. (London) LTD. tower syDenHam, LONDON, 5.£.26 


Telephone: SYDenham 7026 (8 lines), Telegrams: EDCOHIVAC, Souphone, London. 
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nly GeraZ 


we SPACE, 
va 


Poltents 
Regd Trade Mark 





LOWATTEN IMPED | ATTEM. . 
TYPES. | OHMS i OD. 
THE LOWEST EVER [ii {74117 |on|o36 
CAPACITANCE OR [a2 1741131021044 
ATTENUATION A34| 73 | 06 /1.5 [088 re 
|LOW CAPAC] CAPAC. IMPED.| ATTEN] 


sree on" 
IMMEDIATE | W08| in| onsite 0D 
C1 | 7.3 | 150| 25 |0.36 

DELIVERIES PCA [40.2 | 132| 3.1 10.36 aaeoe 

SPECIALISTS IN AURSPACED |-CN__ 6-3 1173 | 3.2 10.36 

ARTICULATED CABLES SINCE/929 C2 | 6.3 | 174 | 2.15 | 0.44 

C22 | 5.5 | 184/2.8 [0.44 

i A RADIO ) C3 | 5.4 | 197/ 1.9 |0.64 

° C33 | 4.8 | 220] 2.4 [0.64 RY LO 
2 wages C44 | 44 | 252/24 [1.03 




















































































HIGH VOLTAGE SUPPLIES 


at Soe 





Model $4/50 Breakdown Tester 


@ Continuously variable 2-30 KV 
@ Positive or Negative output 


@ Available stabilised or unstabilised for 
breakdown testing 


@ Input A.C. 115-250 volts, 40-100 cycles 


A complete range of Radio Frequency high voltage equipment is 
available from 2 to 50 KV at | mA 


HAZLEHURST DESIGNS LTD., 
34a, Pottery Lane, London, W.II. 
PARk 6955 








Making Records 


For every scientific instrument that records by means of a 
light trace, there is a particular ILFORD sensitized materia! 
with the right combination of speed contrast and colour 
sensitivity to give the best results. 

The range of these re- — \ 
cording papers, films, { te 

and plates includesa | 
number of special 
emulsions designed for 
the Cathode Ray Oscil- 
lograph. 


Those seeking informa- 
tion concerning the 
photographic techniques 
necessary to obtain use- 
ful records of osciilo- 
grams are recommended 
to read the ILFORD 
Technical Monograph en- 
titled “The Photographic 
Recording of Cathode Ray 
Tube Traces.” PRICE 5/- 


ILFORD 


PHOTOGRAPHIC RECORDING MATERIALS 


ILFORD LIMITED - ILFORD - LONDON 











TRAINING 


2 en. 


— —s'tN 


=_ - 


4, ELECTRONICS 


RADIO - TELEVISION 
and other INDUSTRIAL 
ELECTRONIC subjects 






HOME STUDY COURSES 


“Courses in Radio and Television (Theory and 
Practice) for A.M. Brit. 1.R.E., and City and 
Guilds Examinations.” ‘‘Training also given in 
many other branches of engineering including 
A.M.1.Mech.E., A.M.1.E.E., A.M.1.P.E., etc.” 


Obtain a copy of Free Brcchure giving full details 
of these and Daytime Attendance Courses. 


Write to Dept: 11 





Associated with 
“*“H.M.V.” 
ad eee MARCON!PHONE 


10 PEMBRIDGE SQUARE, NOTING HILL GATE, LONDON, W.2 


COLUMBIA 
Telephone: Bh ‘swater 5131/2. ETC 











EB. 166F 





Se 








1950 
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, 166F 
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NAGARD TYPE 103 OSCILLOSCOPE 


CALIBRATED IN TIME, FREQUENCY AND 


WIDE RANGE 








VOLTAGE 
4 
coamenaten TIME BASE RANGES 
OSCILLOGRAMS Calibrated sweep velocities from 2 in. per 


sec. to 2 in. per u sec. Triggered or 
continuously running. 


D.C. AMPLIFIERS 


Voltage calibrated and fully stable 
Response, Maximum Gain and Sensitivity 
0-20 K/cs. 0-2 Mc/s 0-10 Mc/s 
100,000 20,000 300 
0.12mV/inch 0.60mV/inch  40mV/inch 


The illuminated graticule 
and single shot camera 
attachment gives clear 
records and _ accurate 
measurements. 


STABLE TRACES 
The exceptional synchron- 
ising properties of the Time 
Base, and stability of the 
D.C. Amplifiers aids meas- 
urement and photography. 


_ 


Phase to frequency ratio constant. Perfect square 
wave definition within the limitations of 
each frequency range. 


: RAGARI 
Phone : BRixton 3550 


Intertel, Claproad, London. 245, BRIXTON ROAD, LONDON, S.W.9 








wit 








SEE 
what you measure! 


Grams: 








BA IN 


MOVING-COIL 24 and 34-inch 
for d.c. ROUND 
RECTIFIER PATTERN 
for a.c. INSTRUMENTS 
THERMAL 
for hf. 


Inquiries for special 
BS Ist Grade Accuracy 


Also BALDWit 


4-inch square and 


ranges invited. 


Dimensions to 


6-inch Portables K113 





Especially suited for incorporation in test gear 
These are some of the instruments made by— 


BALDWIN INSTRUMENT CO. LTD., ‘DARTFORD, KENT 
Telephone : Dartford 2989 & 2980 
Northern Agents: F. C. Robinson & Partners Ltd., 287 Deansgate, Manchester, 3 
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B.P.L. TEST SETS 


NOW AVAILABLE 
AT NET PRICES 


B.P.L. Universal Test Set 
£5-10-0 
B.P.L. Super Ranger 1,000 °:/v. 





niforsnl of ys 
snobtainadle by 







£12-5-0 
| FOR: Automatic coolant regulation. Movement for pressure 

B.P.L. Super Ranger 20,000°/v. | change. Packless gland to seal spindle in high vacua. 
| Reservoir to accept liquid expansion. Dashpot or delay 

£14 - 10 - oO device. Barometric measurement or control. Pressurised 

} couplings where vibration or movement is present. Dust seal 

v . to prevent ingress of dirt. Pressure reducing valves. 
These prices are applicable to the home market only Hydraulic transmission. Distance thermostatic control. 
; | : Low torque flexible coupling. Pressure sealed rocking move- 

Prices inciude postage and packing. ment. Pressurised rotating shaft seals. Aircraft pressurised 

. cabin control. Refrigeration expansion valves. Thermo- 
Send your order direct to :- static Steam Traps. Pressure amplifiers. Differential pressure 


| measurements. Thermostatic operation of louvre or damper. 
BRITISH PHYSICAL LABORATORIES | Wiles for £4 a. ¥ Ouwe. 


HOUSEBOAT WORKS, RADLETT, HERTS 


Telephone: Radlett 5674-5-6 | Drayton ‘Hydroflex’ METAL BELLOWS 


Drayton Regulator & Instrument Co. Ltd., West Drayton, Mdx. » W. Drayton 26# 




















SOLON electric soldering irons have proved their capa- 
city for continuous service under the most exacting 
conditions. 5 models; 240 watt oval tapered bit; 125 watt 
oval tapered and round pencil bits and 65 watt oval 
tapered and round pencil bits. Each model complete 
with 6 feet of Henley 3-core flexible. Now available 


from stock. Write for folder Y.10. geen, 
aS 





A HENLEY SAVAGE ey DEVIZES) | 
~~ “VN iT <9? 
Leadon E.G. SOLO N SAVAGE TRANSFORMERS LTD. NURSTEED ROAD, DEVIZES, WILTS. 








SOLDERING IRONS Telephone : Devizes 536 
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LUMINESCENT MATERIALS 


FLUORESCENT POWDERS for ELECTRIC 
DISCHARGE LAMPS 


ZINC and CADMIUM SULPHIDE TYPE 








MATERIALS 
RADIOACTIVE LUMINOUS COMPOUND 
is the popular method of 
kkk building substantial cabinets without special 
CATHODE RAY TUBE PHOSPHORS tools or skill. To meet the needs of home 
constructors a special department has now 
X-RAY POWDERS and SCREENS been opened at our London office which 
LONG AFTERGLOW PHOSPHORS can supply sections machine cut to the in- 
= dividual lengths required together with 
We also invite enquiries for any other suitable rust-proof panels and fixing screws. 
od luminescent materials to meet special ' 
eal requirements. a as or oe 
es. Enquiries t ‘ ~ 
ol kkk _ London Office » Dept. A 
marked “For th 
~ DERBY & COMPANY LTD. Attention of "fusca 
ire Department A ” , ° . 
er, Offices: Telephone : KEN. 4201 















62-3 Cheapside, London, E.C.2. N 
‘Telephone : CITY 2633 [ney Ss MANUFACTURERS 
OWS telegrams : PLATIVET, London & z" 


pena HALLAM SLEIGH & CHESTON LT? 
WIDNEY WORKS: BIRMINGHAM -4 









ryton 26H Works : : 
Millmarsh Lane, Brimsdown, Middx. HOWard 2208 ESTABLISHED 1698 















Phone: Aston Cross 0914 «« umes * Grams Superfine Birmingham 4 





(ODEN 
COMPOUND FILLED 


TRANSFORMERS & CHOKES 


for 





Reflecting upon its merits 








UTMOST 
RELIABILITY 
Woden Compound Filled transform- 
you are bound to admit that ‘Westalite’ rectifiers, ers have been developed for use 
which are incorporated in many well known makes in exacting industrial and climatic 
of radio and television receivers, have no equals for conditions and have the following 
efficiency and reliability. features :— 


Complete moisture-proof filling compound 


Be 


@ [WESTINGHOUSE] 


Universal fixing for above or below chassis wiring 


Constant fixing centres and overall size 





yESTALITE 
RECTIFIERS 


for radio and television 
murs | pettiescorerragi mera war comers WODEN TRANSFORMER GO, LTD., 


82, York Way, King’s Cross, London, N.|!. M OXLEY ROAD, BILSTO N, STAFFS. 


Occupy minimum space and ensure clean 
and compact layout 











Send ‘for latest catalogue 





j.T.L. 








rer ETN 
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THE SERVO CONTROL EQUIPMENT 
e “4 2 > 
SOUND MAGNET Radiospares 
ie 
Magnetic Tape Recorders Ouality Parts 
Three speeds give }, 3, 1 hr. w EL The 
programmes. Radio Quality 3 = a: . ° 
for 30 minutes without pause. sesien Me Hunters, Service Engineer = 
Twin Tracks double above Receivers, etc., 2” and 3” types. ‘irst Choice 
playing times. Powerful 12 SELSYNS 
watt amplifiers. Use also for Power and Phase-Shifting types. ~ 
Public Address. Portable in INDUCTION MOTORS AND 
leathercloth carrying case. VELODYNES 
Complete Recorder and play- Send for list and technical details. 
back equipment, less micro- Repair facilities for all types of British and 
phone. Model 50 £50 American Magslips, — test equipment, Cc. MARKS and CO 
etc. e e 
Also the latest S.M. TAPE HOPTON RADIO, ed ge 
CONVERTOR. For use with 1, Hopton Parade, Streatham High Road, PHONE ai ‘i 
existing P.A. systems and ampli- ee 
fiers. Model C £35 phone: STReatham 6165 Nickel Alkali Accumulators 
Nife Accs. 
A I | ind - 
Manufactured & distributed by:— a / C C / lo ? } Mi ioe and fasta lifetime. Cannot be destroyed 
s hor rcuiti or rever rging. 
~ Size 9 oy pe 4 ie. he 24 a. is aunare hoor 
GENERAL LAMINATION ACCESSORIES & COMPONENTS capacity e25 volts. = so no Aurelie. 
PRODUCTS LTD. ea es se Fasiggp 4% — Sale ca - 
ly (oy HOLIDAY & HEMMERDINGER L"® ican er adie ines at tie 
294 Broadway, Bexleyheath, tories, Colleges, BRIM TTL Mla LISA d cells at ‘‘ scrap value.’’ 
Kent. etc. Price 6/6 each. Post free or 66'- per doz. 








Send for List. (LQ 


























Wil RATCHET AND REVOLUTION 
: COUNTERS 

IMPORTANT GUIDE TO SUCCESSFUL i 

ENGINEERING CAREERS LEAFLET NO, 18/6 


SHOWING FULL 











After months of intensive effort, we are pleased to RANGE OF 
eee cENG the new edition of our 176-page Fiene- ‘ALBION ’ PRECISION 
now ready for free distribution. : COUNTERS 


is book is, beyond argument, the finest and most 

complete Handbook on Successful Electrical En- 

i a ever compiled. It should be on the 

ookshelf of every person interested in any phase of 
Electrical Engineering, whatever his age, position or 
e ence. R 

This: book shows, emong other intensely interes- SOLE MAKERS AND PATENTEES : 

ing matter, easiest wa ass. .S.c.. A.M. 
Brit. LR.E, CITY AND GUILDS, G.P.O., and B. & F. CARTER & CO. LTD., BOLTON, N.3. 
every other important technical examination, whilst ' 
details are given of over 200 Courses in all branches 
of Engineering. The Electrical Group of Courses SURPLUS VALVES GUARANTEED 
includes : Neon Lighting, Power House Design, 
Radio, Television, Alternating Current, Sound 


MEMBERS OF THE 
BESTEC ORGANISATION 

































Film Projection, Mains E: eering, Measur- = , PF Fi 
ing Instruments, Electrical Design, Electricity FL33 : > caer i 6. 4 ~ ., 
Supply, Electronic Engineering, General Elec- —' os, | en? o- | oe wii at 
trical Engineering, Electrical Installations. 6C6. ¥ Le . | 67. 4 F ie 
: ‘ 4\. 6/3. | 6Q7. 5/6. | 6X5. 4/9. | 807. 5/6. 
The Handbook also explains the unique advantages of 66. 49. | KTWol 4/9, | EBC33 4/9. 1S4 5/9. 
Employment Dept. ¥ . ‘ta " ‘ 77 
nines GZY5. di. 4). | SP13. 8/6. | HP4i01. 5 6. 
“ —- ” VUIII. 4/6. | EA5O. 3/-. | Y63. 6/3. | 5U4G. |-. 
We Guarantee “NO PASS—NO FEE SPI3A. 4/6. | UIB. 6/3. | Ho3. 6/3. | 6F6G. Bj 
If you wish to become Technically Qualified you cannot afford to miss 43 6/3. | 5Y3G. 6/3. | 6F7. 6/3. | AC6/Pen. 4/6 
reading “‘ ENGINEERING OPPORTUNITIES.” In your own SP4I. 3/6. | 14F6G. 4/9. | 6SG7. 4/6. | VT6IA. /9. 
interests send for your copy of this enlightening guide to well-paid HP4106. 6/3. | 6K8. 59. KT30. 6/6. ILNS. 6/3. 
posts NOW—FREE and post-free. Do not neglect this opportunity 38. 6/3. EF39 5/6. 18. 6/3. | 6SK7. /9, 
of investigating the possibilities within your reach. 6D6. 6/3. | IT4. 6/-. | FW4/500. 6/3, | 6SN7 6/6. 


BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY FOR LISTS OF OVER 500 RADIO LINES 


337B, Shakespeare House, WRITE 
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TUNGSTEN Contacts, Rods, Pins, Lead-in- 


Wires, Targets, Shaped Components, Heater Wires, 
Spark Gaps. 


MOLYBDENUM Tubes, Nuts, Bolts, Per- 


forated Sheets, Coils, Spirals, and other Components 
made from High Refractory Metals to Customers’ Design. 


ELECTRO-ALLOYS L?- 
12, BRUNEL ROAD, LONDON, W.3 
SHE 3460, 3031 





Telephone 


MICA 


DISCS 
DIAPHRAGMS 
FLEAMENT STRIPS 
CONDENSER PLATES 

SPECIAL SHAPES 

RAW MICA 

WASHERS 

¢e 











MAGNETIC 
RELAYS 


LARGEST STOCK IN 
GREAT BRITAIN OF RELAYS, 
KEY SWITCHES AND 
UNISELECTORS 


Government Contractors 


RELAYS P.O. 3000 - 600 - HIGH SPEED 
Also 230v. A.C. 50cy. 
ALL NEW EX-MINISTRY GOODS 


JACK DAVIS (Relays) LTD. pepr. ££. 
30 PERCY STREET, LONDON, W.1. 


Phones : MUSeum 7960 LANgham 4821 


























Radio Frequency 
Heating Equipment 


By L. L. LANGTON, A.M.I.E.E. An important 
work by a recognized expert on this type of 
equipment. The book gives up-to-date technical 
information, and includes numerous circuit dia- 
grams and other illustrations. 17/6 net. 

““An extremely handy and concisely written 
volume.’’—Electronics (U.S.A.). 

“Readable, clear, and gives .a well-balanced 
treatment.’’—Electrical Review. 


PITMAN, Parker Street, Kingsway, London, W.C.2. 








SYNTHETIC RESIN LAMINATED MATERIALS 


SHEET, ROD AND TUBE IN ALL DIMENSIONS 
BOBBINS & COIL FORMERS TO ANY SPECIFICATION 


MICA AND MICANITE SHEET AND MANUFACTURED PARTS 


MICA & MICANITE SUPPLIES LTD., 


BARNSBURY SQUARE, LONDON, N.I. 














Telephone : NORth 3032/5 Telegrams : MICASU' IM - LONDON 












—combines with beauty and 
soundness of DESIGN in the 


OXLEY 


Width: 16.5 mm. Length: 22 mim. Height: 1.5 
[ AIR } to 8pF—7.5 m/m. 1.8 to 20pF—10 m m. 2 to 26pF 


DIELECTRIC —llm/m. 2 to 32pF—12m/m. Law: Straight line 
capacity. Power Factor: Less than .0O1. Insulation: 
TRIMMER Over 2,000 megohms. Voltage: 500 D.c 


OXLEY DEVELOPMENTS CO. LTD. 


ULVERSTON, NORTH LANCS. TEL.: ULVERSTON 3306 
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r REFRACTORIES 
GEO. BRAY & CO LTD 


fap moulded rubber parts 


Inquiries are invited 
from the Engineering, 
Electrical and Motor 
Industries for special 
Moulded Partsin 
Synthetic and Natural 
Compounds. 
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One of the applications of 


V.H.F. RADIO 


provided by “ATM” for industrial 
and public utility undertakings is 


V.H.F. Radio Telephone 
Equipment operating 
in the 150/170 
Megacycles Band 


The illustrations show a ship’s installation designed 
for simplicity of operation by non-technical 
personnel. Single channel or up to six alternative 
channels of communication may be selected by 
means of a channelling switch. 





NATIONAL RADIO EXHIBITION 
Castle Bromwich 
September 6th to 16th 


Among the many interesting exhibits 


on STAND 41 are :— 


V.H.F. Multi-channel radio and associated 
carrier channelling equipment 


V.H.F. Marine Radio 
Radio Telegraph Ancillary Apparatus 
Radio and Line Transmission Test Equipment. 











AUTOMATIC TELEPHONE & ELECTRIC Co. Ltd. 


(Radio and Transmission Division) 
Strowger House, Arundel Street, London, W.C.2. 
Telephone : TEMple Bar 9262 Telegrams : Strowgerex, London. 
STROWGER WORKS, LIVERPOOL, 7. 
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fhe Walter Type B.T. Switch is a mighty 
midget. It takes up small panel space, 
and is just the sects for simple switch- 

ing. Recently we have made some big 
improvements in it too. Here they are: 

A new method of fixing contact blades. 

This ensures that they are completely 
rigid all the time. Definite positioning of 
the drive spindle in the wafer, providing 
double bearing. 

There are other improvements 

as well—positive contact and 

steady contact resistance, hieeip es 
better insulation between con- 

tacts, and a self-cleaning action. What 


does all that add up to? A sensible, reliable and Jasting switch, which we feel 


will give you first class service and complete satisfaction. 


Walter Instruments = «= 


SWITCHES 








LIMITED 
oe 8 MADE 
FOR LIFE 


GARTH ROAD, LOWER MORDEN, SURREY. TELEPHONE: DERWENT 4421-2-3 
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